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PROSPECTS FOR THE DEVELOPMENT BIOCHEMISTRY 
THE LIGHT THE RESOLUTIONS THE XXI CONGRESS THE 
COMMUNIST PARTY THE SOVIET UNION 


The recently concluded extra session the XXI Congress the Communist Party the Soviet Union marks 
new historical epoch. will have great significance for our country, for international communism, for the 
working classes, and for all progressive forces the world. 


The meeting opens new period the construction communistic society. The resolutions show the 
heights the field ideology and science which the nation will climb. The nation will answer this call 
with enthusiasm. 


The XXI congress program, was victory for Marxist teachings. stimulated the working class the 
struggle for socialism and communism. 


the speech Comrade Krushchev and the resolutions the meeting, are clear promises for men 
good will throughout the world for maintaining peace and improving international relations the Lenin principle 
peaceful coexistence the two systems: the socialistic which the future belongs, and the capitalistic, 
which step step will yield socialism. 


The program the congress will strengthen the socialistic structure our country. The Soviet Union will 
increase power with highly developed economy and advanced science and culture. the present time 
the USSR volume industrial production occupies the first place Europe and the second place the world. 


great value for the successful solution all questions party, state, and economic growth has been the 
destruction our party the anti-party group, Malenkov, Molotov, Kaganovich, Bulganin, and Shepilov who 
tried turn the party and the nation the course marked the Congressof the Party. 


The XXI congress unanimously condemned the factional activities the anti-party group. 


our victorious march toward communism,Soviet science has important role introducing the results 
scientific research into production. Science and its progress lie the base the development all planning 
socialistic economy, and turn, the principle planned development scientific research characteristic 
feature Soviet science. The spread industrial production and high tempo its development will 
attained, the resolutions the Congress noted, due the preeminence the socialistic system economy, 
based the use the newest advances science and technology. the Soviet nation there true blossom- 
ing the cultures all races and people due the possibility full development science, technology, liter- 
ature and art. clear sign the high industrial technological level our country and the creative genius the 
nation the launching the first artificial satellite and the first artificial planet circle the sun. 


the resolutions the Congress the general lines development our were noted. The Congress 
noted the increasing role science the present period construction communistic society and the great 
attainments our science all fields knowledge; placed before Soviet science the problem 
seven year period, still higher development all branches science and carrying out important theoretical 
investigations guarantee further scientific technological progress. For this purpose important consider 
wide research program, concentrating scientific forces and materials important problems which have practical 
and theoretical value. must constantly strengthen the bonds between scientific and practical institutions 
order introduce widely and quickly into the national economy the newest advances science and technology, 
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and must boldly carry experimental and constructional the hands millions builders the new 
structure science will become overwhelming strength. 


Advancing theory continually bound revolutionary practice, practical communistic construction. 
Science stops when loses the bond between theory and practice; science and production are the basis progress 
any field knowledge. The basic significance for us,as biologists,lies that statement the Congress which 
says, “An important theoretical prerequisite for the advancement medical science and also for agricultural 
science the development biology. The significance biology will especially increase physics and 
chemistry are used biology. Then great role will played such branches agricultural 
chemistry, biophysics, microbiology, virusology, selection, and genetics." 


The whole history biochemistry most clearly show that without wide, bold, and creative use the 
advances physics and chemistry there can understanding the intimate processes which lie the basis 
The present stage the development science chiefly characterized the fact that the 
scientist turning from the description and study the macrophenomena the complex and deeper study 
microphenomena which surround us. The first successes here were made the physicists who not only reached 
understanding fundamental processes, but also laid the foundations for the rapid development related 
disciplines. New ideas, new methods, new approaches were developed which gave new units measurement and 
further perfection the methods static analysis. the light these, wide new prospects for the development 
biology were opened, especially for its youngest branch, biochemistry. 


The wide, bold, and creative use the advances physics and chemistry biology and biochemistry, 
especially, have led the enrichment not only these sciences, but also physics and chemistry. 


this paper,in the widest sense, discuss the prospects for the development Soviet biochemistry the 
light these great promises, and the important problems which are related the realization the seven year 
plan for the development the national economy. 


Three chief features characterize the development Soviet biochemistry: 


the study phenomena and their dynamics, 


the attempt find relation between the functional activity living organism and the biochemical 
processes which based, 


the use the advances biochemistry medicine, agriculture, and industry, with treatment crude 
products from biological sources. 


generally accepted that the development Soviet biology biochemistry occupies key position. 
This chiefly because the basic phenomena living organisms are physical and chemical processes which 
cannot applied practice without deep understanding biochemical laws. However, this does not all 
mean that the study physical and chemical laws gives understanding living function, whose effects are 
determined not only mechanical, physical, and chemical processes, but the application them 
biological laws. This idea basically true, although recently there has been widespread opinion that 
studying only physicochemical laws would possible understand biological effects. the other hand, 
false and erroneous deny the role physics and chemistry the interpretation vital phenomena. The 
role and importance biochemistry the development present-day science determined position 
the divide between physics and the one hand and biology the other. 


already difficult find branch biology which,directly indirectly, plainly gradually,does not 
touch biochemistry— does not use the methods and results biochemistry for the solution part all the problems 
the science. 


Biochemistry, which creatively uses the latest advances physics and chemistry and thus creates its methods 
and approach, makes these advances available other branches biology which are less closely related these 
sciences, Also, their basic problems, biochemistry and biophysics occupy the middle position between biology 
and physics and chemistry. 


The place biochemistry especially important working out the problems origin and development 
life, heredity, growth and development, cancer formation, problems immunity, working out prophylactic 
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measures and measures for combating disease, the development scientific basis for human nutrition and 
nutrition plants and animals, protection organisms from the action radiation, supplying effective 
measures for preventing heart and circulatory diseases, and many other problems vital importance for practical 
communistic construction and for improving the life the Soviet people. Success the solution these pro- 
blems closely connected with the development biochemistry, Therefore, delay the development any 
contemporary biochemistry can have serious effects our national economy. 


Problems further rationalization and the creation new ways chemical synthesis number 
compounds which are important for our national economy can successfully solved the basis the discovery 


biochemical laws. Organic chemists recognize this, not only among us, but beyond the borders our 
country. 


The problems are important connection with the development new techniques, 
especially concerns the progress.of the utilization outer space. The immediate problems weightlessness, 
flight the speed sound above, transport humans great heights and into the depths the ocean; 
other words, problems adaptation organisms unusual conditions the external medium are advanced 


the study the physiological biochemical mechanisms adaptation, inhibition and reactivation function 
living organisms. 


These circumstances chiefly explain the increased interest biochemistry and the generous support 


has been strong and widely given many countries (USA, Canada, Germany, 
England, etc.) 


When speak the state our own biochemistry and the prospects for its development should approach 
the matter very seriously, remembering that the basic problem should how guarantee its great use 
practice the development Soviet medicine, socialized agriculture, and some important branches industry 
for treating raw materials biological origin, all the interest the national economy. 


The use x-ray analysis has led the interpretation the structure many biologically important 
compounds, especially proteins, and vitamins. the methods organic chemistry has opened pos- 
sibilities for explaining the structure some proteins and polypeptides (insulin, ribonuclease, corticotropin, 
oxytocin, The chemical anatomy the protein molecule brings biochemistry the possibility 


not only full interpretation protein structure, but also the artificial synthesis the most important 
proteins. 


this connection should devote particular attention the development the following lines 
day biochemistry: 


study the structure and biochemical function proteins and nucleic acids (enzymatic, hormonal, 
immunologic, etc.) 


study the relation between the processes synthesis and the organization intracellular structures; 


explanation the relation between chemical nature and biological properties proteins with respect 


the formation enzymes and toxins, antigens and pathogenic properties, virulency and resistance medicinal 
substances; 


study the processes biosynthesis nucleic acids, amino acids, and proteins, order increase 
the productiveness agricultural animals and plants; 


x-ray analysis macromolecular compounds; 
biochemistry lipids and lipid metabolism. 


preparative biochemistry (obtaining crystalline enzymes, vitamins, hormones, antibiotics, alkaloids, 
gibberellin, etc. which are important for health and national economy). 


should remember that the theoretical treatment these problems will help solve the following 
practical questions: 


working out methods for isolating the most important enzymes and setting their industrial pro- 
duction; 
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working out the technology for producing purified and pure preparations proteins and hormones 
laboratory and industrial scale; 


obtaining structurally changed antibodies, toxins, and other proteins, which the properties important 
for health are preserved and the ones are eliminated; finding methods transforming toxin proteins 
(especially those bacteria) into harmless antitoxins without decreasing their antigenic activity; 


working out methods for changing pathogenic viruses into nonpathogenic ones suitable for vaccination; 
working out the biochemical basis for therapeutic intervention virus diseases; 


perfecting technological processes for treating proteins the food industries: milling, bread baking, 
meat, cheese, fish, milk, textiles, tanning and for some other fields industry. 


series existing problems also stand before biochemistry, related biophysics, genetics, and cytology. 
Here should chiefly indicate the need conduct explain the chemistry 
heredity and this connection study the role proteins, nucleic acids, lipids, polysaccharides and their 
proteins the phenomena heredity. 


understanding the chemistry disturbance physiological function will permit the discovery 
new ways eliminating pathological states; explanation the mechanism cancer formation will permit 
recognition the earlier stages cancer occurrence and also the discovery rational methods for prophylaxis 
and cure malignant neoplasms. also certain that working out the biochemistry the nervous system and 
muscular activity will have great significance for curing many diseases, especially various impairments nerve 
function and diseases the heart and circulatory system. 


Problems the biological effect atomic radiation have ever-increasing importance. Systematic 
increase the level radioactivity the surroundings, assured the continuation studies the atomic 
and hydrogen bombs and also the possibility use nuclear weapons, now requires forced theoretical 
investigation the mechanism action nuclear irradiation biological objects and the working out 
methods for protection from the dangerous action radiation and the cure radiation sickness. 


this connection most necessary consider the following problems: 


the primary and initial mechanisms biological action radiation and working out measures pro- 
tection from the dangerous action radiation; 


the laws the action radiation heredity animals, plants, and microorganisms, and study the 
effects doses radiation living organisms; 


explanation the mechanism and laws direct and indirect action ionizing radiation; 
study the danger chronic small doses; 


explanation the specific development radiation danger caused incorporation radioactive 
agents, particularly strontium-90, and attempt hasten the removal incorporated substances from the 
organisms; 


studying the nature prophylactic and therapeutic substances; 


studying the biochemical basis for developing compensatory processes under conditions radiation 
pathology. 


Fundamental emphasis should laid estimating the different biological effects radiation from the 
point view its part the development pathological processes and whether they are “harmful,” causing 
breakdown, related the development compensatory processes the organism. 


Recently the study the biochemistry microorganisms has been widely developed abroad. This 
chiefly because microorganisms are very rich sources industrially prepared enzymes, growth stimulators, 
terial fertilizers, and also the only sources for obtaining antibiotics. All this, and also the industrial value 
these organisms presents our biochemistry with the problem widening the amount research the bio- 
chemistry microorganisms, first working out questions perfecting the production antibiotics, enzymes, 
vitamins, yeasts, and improving the technology fermentation processes. 
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very real theoretical and practical problem arises connection with the study photosynthesis. 
evident that increasing the productivity plants the chemistry photosynthesis should occupy important 
place, since working out will permit raising the coefficient use solar energy changing the conditions 
under which this natural process occurs. This introduces problems the further investigation the role 
chlorophyll, the formation chlorophyll-protein complexes, and also the study the biochemical properties 
the photosynthesizing structures. 


Our biochemistry weakest the directions chemistry and physics. have not developed the crystal 
chemistry proteins all, that other important substances; are very weak the study questions 
x-ray analysis, the use methods paramagnetic resonance working out biochemical problems; have 
introduced spectroscopic methods poorly working out questions the chemistry natural compounds. 
true that this explains why have lagged preparative biochemistry strongly, since this chiefly based the 
wide introduction physicochemical methods and the creative contact biochemists with physicists and 
chemists. 


There great value for the realization our plans coordination research work. The history 
the development our biochemistry gives good examples how the uniting around large theoretical and 
practical problem the members research institutes different types has hastened the solution some 
problem. However, unfortunately, some important branches, coordination scientific investigation has been 
unsatisfactory. There should important place our coordination plan for problem conferences the most 
crucial questions the development theoretical and practical biochemistry. 


The resolutions the December Plenum the Central Committee the Commust Party and the 
the Party oblige devote particular attention the introduction the results scientific investigations into 
practice, into the national economy. follow these problems poorly. are often satisfied with small 
results where there great promise and not show sufficient persistence introducing the results our 
studies. frequently underestimate the role the intermediate links, that is, the branch institutes and factory 
laboratories the solution these problems. 


Extremely important problems stand before the field ideological work. the resolutions the XXI 
Kruschev said, the field ideology, find the need for strengthening ideological education 
the party, increasing the communistic awareness the workers, and most all the rising generation, 


nourishing them the spirit the communistic relation labor, Soviet patriotism and internationalism over- 
coming capitalism outlasting the minds people struggling with bourgeois ideology.” 


should carry out these tasks increasing the ideological political level scientific workers and (which 
very important for the development science) combining contemporary biochemistry with understanding 
Marxism-Leninism and understanding dialectical materialism. Therefore, work general character 
and also all other work should never forget the need struggle with the effects bourgeois ideology. 


connection with the problems the Division Biological Science the light the resolutions the 
December Plenum the Communist Party, the Presidium the Academy Sciences the USSR advised the 
publication biological journal capable,in every developing materialistic science and fighting ideal- 
istic conceptions. should strictly applicable life. 


should organize our work that the creative force Soviet biochemists would directed toward 
solving great scientific problems with wide and bold use the results obtained physics and chemistry for the 
full development materialistic biology, Michurin studies, and further development and strengthening the 
bond between biological science and practice. Only this way can biologists make sufficient contribution 
the developed structure communist society. 


The fulfillment the promise the plan for development Soviet biochemistry requires strong rein- 
forcement the material technological base. 


The seven-year plan calls for the construction scientific community where seven research institutes 
will established work out and solve, either directly indirectly, the problems biochemistry and 
related disciplines. particular, there will organized institutes the biochemistry living cells, proteins, 
and viruses, biophysics and radiobiology, photosynthesis, the chemistry natural products, and others. 
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However, should fully understood that the organization these institutes, the beginning whose 
construction planned for 1962, cannot have any serious effect the development our science the next 
few years. Therefore must take measures strengthen the existing research institutes and 
laboratories. These measures should include: 


increase the productive space the present institutes (new construction for additional productive 
space), 


Much has already been done this direction. accord with the resolution the Presidium the Academy 
Sciences the USSR, the Institute Physicochemical Biology has been created and biochemical problems 
make considerable part its work, and the Institute Chemistry Natural Products and Proteins has been 
organized; construction has begun the new buildings the Bakh Institute Blochemistry, and construction 
the buildings for the Institutes Biophysics and Microbiology goes on. 


Discovery hidden reserves; the organization research work the field biochemistry branch 
institutes and higher institutions. 


Modernization equipment and apparatus, replacing the old new. 
Organization the production biochemical reagents and preparations. 


The Government has already taken advanced position these questions, specifying the main measures 
for correcting the present positions. the same time, we,on our side,should show great initiative organizing 
the production preparations and especially equipping our country for foreign export. 


Our problems are great, our prospects are wide and happy; the plan many the resolutions 


the XXI Meeting see, the plan will act directly industry and construction, collectives and 
state farms, scientific 


All our energy, strength, and knowledge should devoted this program. 


Pie 
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THE EFFECT ADENOSINE TRIPHOSPHATE THE ACTIVITY 
THE PROTEASES DIPHTHERIAE AND THE BIOSYNTHESIS 
DIPHTHERIAL TOXIN 


Smirnova 


Division Biochemistry, Gamaleya Institute Epidemiology and 
Microbiology, Academy Medical Sciences the USSR, Moscow 


studies which have published have shown that the diptheria toxin closely con- 
nected with the activity proteolytic enzymes [1] and have also confirmed the share the ribonucleic acid 
diphtheriae changes protease activity experiments vitro [2] and vivo [3]. 


connection with the known fact the hydrolysis diphtheria toxin under the influence proteolytic 
enzymes [4], seemed interest study the effects some organophosphorus compounds, which occur the 


bacterial cell itself, the hydrolytic function the proteases which might have value for the biosynthesis 
diphtheria toxin. 


this work, with ATP the subject, have studied the effect nucleotides changes 
activity the proteolytic enzymes diphtheriae. 


Ito [5] first showed that nucleotides and products their hydrolysis strengthen the formation streptolysin. 
Bernheimer and Rodbart [6] confirmed the data Ito the participation RNA and also nucleotides 
increasing the synthesis streptolysin. known from the work Siekevitz and Zamecnik and Keller [7, 
that the uptake amino acids proteins homogenates and microsomes occurs with participation ATP. Gale 
and Folkes[8] observed that damaged staphylococcus cells retained the ability take amino acids their 
proteins ATP and hexose phosphate were found the culture Sisakyan and Kuvaeva [10] showed that 
when ATP was added there was increase protein synthesis the cocoon the mulberry silk worm. 
could not find literature data indicate the share adenine nucleotides changes activity proteolytic 
enzymes relation biosynthesis toxin. 


METHODS 


The experiments the study effect ATP activity diphtheriae proteases were carried out 
vitro and vivo observations the course biosynthesis diphtheria toxin. 


First studied the change activity diphtheriae protease bacterial suspension when ADP and ATP 
were added it, compared the initial activity the proteolytic enzymes. this work used preparation 
ATP from the Ivanov Meat Combine, from which also obtained the vitro experiments, ATP and 
ADP the form sodium salts were placed the experimental and control tests amounts from 0.5 mg. 

ran parallel tests with bacterial suspensions without ATP and ADP determine the initial activity the 
diphtheriae proteases. estimated the activity the proteolytic enzymes samples with added ATP and ADP, 
and also samples without these substances, and also vivo experiments, the increased content amino 
the bacterial suspensions after they had been incubated for hours 37° and 7.0, compared 

the original content amino nitrogen (control samples before incubation). 


The nitrogen was determined the micro-Kjeldah! method. the experiments the protease 
activity was determined and 72-hour cultures diphtheriae. the experiments vivo studied 
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the effect change content ATP and activity (adenosine triphosphatase) the proteolytic 
enzymes and the biosynthesis strain PW-8, apparatus under severe condi- 
tions, meat peptone broth with 7.8 for five days. 


The vivo were carried out simultaneously three variants: control experiments; 


experiments with blocking ATP-ase calcium fons added the medium chloride (10 and M); 


with complete inactivation proteases (100 [12], and hydrox- 
yquinoline The calcium, chloramphenicol, and hydroxyquinoline were added the culture medium 
the second day toxin formation the the experiments this series the samples 
studied were taken after and days, and the control experiments another sample was taken after days. 

all the experiments vivo, and also those vitro, the microbe mass was separated from the culture medium 
centrifuging and washing three times with saline. The microbe mass treated this way after 
grinding with glass powder gave 10% suspension phosphate buffer, 7.0, for the study protease 
activity, and buffer for study ATP-ase. 


The activity was determined 10% bacterial suspension with ATP substrate 7.6 and 60- 
minute incubation Parallel with the experimental samples ran controls with one-hour boiling the 
bacterial suspension. After precipitation the protein varying amounts 10% determined the 
inorganic phosphorus the filtrate the Fiske-Subbarow method. measure the activity ATP-ase 
used the increase inorganic phosphorus after incubation compared the control. 


For determination the ATPcontent diphtheriae, the bacterial mass was treated threetimes 


with the trichloroacetic extract determined ATP increased content inorganic phos- 
phorus after ten-minute hydrolysis HC] 


The enzyme activity and also the ATP content were expressed percent the absolute dry weight. 

The toxin titer was determined according Ramon the reaction flocculation with serum antitoxin 
and was expressed 
RESULTS 


The experimental data the effect ATP and ADP the activity diphtheriae proteases vitro 
given Fig. and B). where present the average values from six Fig. give 
results experiments which show the decrease proteolytic activity diphtheriae under the influence 
ATP addition, calculated percent the initial protease activity (without adding ATP) taken 100. 


100 
40 ee 40 3 


Fig. Change protease activity diphtheriae under the influence 
ATP (A) and ADP (B) experiments vitro. 
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From the data Fig. see that the decrease hydrolytic function diphtheriae protease depends 
not only the amount ATP but also the age the culture. 


important note that the greatest decrease proteolytic activity occurs the addition 


ATP and this decrease cultures different ages was follows: for three-day cultures 80%, for two-day cultures 
60%, and for one-day cultures, 40%, 


Thus, these observed that the older the cultures, the greater was the degree decrease 
activity the proteolytic enzymes. With increased addition ATP five mg,we observed further decrease 
proteolytic activity diphtheriae, Fig. shows, experiments with added ADP also found 
decrease proteolytic activity diphtheriae with respect initial protease activity taken 


The greatest decrease protease hydrolytic activity (to 90%) occurs the one-day culture diphtheriae 
when ADP are added; the two- and three-day cultures the decrease proteolytic activity the protease 
reaches 50-65%; when the addition ADP raised five mg, there some lowering the proteolytic activity 
diphtheriae. Thus, the results our study vitro can indicate that adenyl nucleotides the form ATP 


and ADP, depending their concentration and also the age the diphtheriae culture, varying degrees 
lower the hydrolytic function the proteolytic enzymes. 


the mechanism the blocking action 
nucleotides the protease activity, the basis 
literature data [13, 15] can assume the formation from 
adenyl nucleotides and proteolytic enzymes differingly 
dissociating enzyme complexes, with varying proteolytic 
activity 


The results the vitro experiments are pre- 
requisite carrying out the experiments vivo. The 
data these studies, given Figs. and are 
averages five experiments. 


Fig. shows,on the third day culturing 
diphtheriae, (control experiments) the formation toxin 
accompanied rise protease activity 65%, some 
decrease activity,and decrease ATP con- 


Days tent. 


Fig. Change ATP content, activity the following days synthesis diphtheria toxin, 

ATP-ase and protease the dynamics there was rise ATP content connection with de- 

toxin formation diphtheriae creased activity ATP-ase and weakening protease 

control experiments (without addition). activity diphtheriae. the basis the varying 

this and the following figures: ATP; degrees decrease hydrolytic function 

activity ATP-ase; activity riae proteases which showed the vitro experi- 

proteases; toxin titer. ments, and which occurred under the influence ATP 

and ADP, can conclude that probably also the 

process toxin formation raised concentration ATP the bacterial cell will accompanied decrease 


diphtheriae proteolytic activity and simultaneous strengthening biosynthesis the toxin. 


confirm these results which indicate the presence definite relation between ATP, activity 
and protease activity, and also toxin synthesis, ran experiments with partial and full inactivation ATP-ase 
ions calcium [16] (Figs. and 4). Figure shows that the fourth day culturing diphtheriae there 
inactivation ATP-ase calcium ions M). the change ATP content connection with blocking 
ATP-ase activity, this should lead considerably increased ATP content. 


However, the appreciable increase ATP content which observed (to 140% the third day) fell almost 
two and half times the following days culturing. should remark that these experiments there was 
increased growth diphtheriae four times greater than the growth the diphtheria bacteria the control 
experiments; this permits express the opinion that the increase metabolic processes the bacterial cells 
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ATP and enzyme activity 


ATP and 


Days 


Fig. Change ATP content, ATP- Fig. Change ATP content, ATP- 
ase and protease activity, and also toxin ase and protease activity the dynamics 
titer during growth diphtheriae toxin formation diphtheriae when 
medium with added Ca. added the culture medium. 


connection with increased growth probably accompanied decreased ATP content due participation 
the latter these processes. 


The protease activity these experiments decreased compared the controls (Fig. almost twofold. 
series special experiments were carried out show that calcium chloride concentrations causes 
decreased activity the proteolytic enzymes diphtheriae 30-40%. can assume that the obser- 


vations the process toxin formation (Fig. 3),that such strong decrease proteolytic activity diphtheriae 


can result not only from inhibition the protease calcium ion but also under the influence ATP 
showed vitro (Fig. 1). Fig. shows, inactivation ATP-ase calcium ions the fifth day toxin 
formation diphtheriae accompanied some increase ATP content the bacterial cell which blocks 
the proteolytic activity diphtheriae with simultaneous strengthening the biosynthesis diphtherial toxin, 


the experiments with partial inactivation ATP-ase calcium (Fig. found considerable 


increase ATP content and the greatest fall protease activity the fourth day culturing diphtheriae. Such 


high protease activity vivo probably depended the direct influence calcium concentrations 
since special vitro experiments found increased proteolytic activity diphtheriae 50-60% under 
the influence the addition calcium chloride these these experiments, the fifth day 
culturing diphtheriae observed considerable rise ATP content connection with considerable decrease 


activity; the latter was very probably accompanied sharp fall hydrolytic function proteases 
with simultaneous increase toxin biosynthesis, whose titer reaches 


Thus, the results the experiments biosynthesis diphtheria toxin with relatively high titer the 
latter (45-75 (Figs. and also show the participation ATP, ATP-ase, and proteases this synthesis. 


this connection also studied the change content and activity these components the bacterial 
cell under conditions lowered toxin formation experiments with different degrees blocking the activity 
the proteolytic activity (Figs. and chloramphenicol and hydroxyquinoline. series special experiments 
vitro were first carried out show that chloramphenicol and hydroxyquinoline not change ATP-ase 
activity the concentrations used the vivo experiments. 


the data Fig. show, with partial inactivation diphtheriae proteolytic enzymes chloram- 
phenicol, there weak formation diphtheria toxin, whose titer was about 


also interesting note that these experiments, connection with the action chloramphenicol, 
observed low activity proteases, which continued decrease the process toxin formation, and this 
activity was fully suppressed the end culturing the diphtheriae. 
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Days Days 


Fig. Change ATP content, Fig. Change ATP content, 
and protease activity the dynamics and protease activity the dynamics 
toxin formation diphtheriae when toxin formation diphtheriae when 
chloramphenicol added the culture hydroxyquinoline added the culture 
medium. 


The content ATP, Fig. shows, increased with decrease ATP-ase activity. The data these 
experiments can treated that the partial inactivation the proteolytic enzymes caused the chlorampheni- 
col can combined with the further blocking action from the ATP, which results further fall protease 
activity and weak synthesis diphtheria toxin. 


the experiments with full blocking protease activity hydroxyquinoline (Fig. diphtheriae 
toxin was found the third day culturing. was then interesting observe that the decrease ATP-ase 
activity the fonrth day diphtheriae toxin formation was accompanied some increase ATP content; 
because enzyme inactivation hydroxyquinoline, there was only very slight rise protease activity. the 
end culturing diphtheriae these experiments, with increased ATP-ase activity, observed not only 
decrease ATP content, but also further very weak rise protease activity accompanied especially low 
toxin synthesis with toxin titer 


Thus, the carrying out the investigation vivo indicates the participation ATP and the 
change activity proteolytic enzymes and the biosynthesis diphtheria toxin. 


SUMMARY 


experiments vitro have established that ATP and ADP can partly act the activity diph- 
theriae proteases, depending the concentration these substances and the age the culture. 


When study the participation ATP and the change activity the proteases the 


process toxin formation diphtheriae, find some relation between the change these components and 
the biosynthesis diphtheria toxin. 


have shown that with full partial blocking ATP-ase corresponding the concentration calcium 
ions, besides the increase ATP content the bacterial mass there weakening hydrolytic function 
the proteolytic enzymes and strengthening biosynthesis toxin. 


the experiments with decrease toxin synthesis, the following changes were established: with partial 
inactivation proteolytic enzymes chloramphenicol, there was weak toxin synthesis with toxin titer 20- 
these experiments observed increased ATP content with lessened activity and full 
inactivation proteases the end toxin formation. 


Blocking the proteases hydroxyquinoline led complete absence toxin the third day culturing 
diphtheriae. the end the period toxin formation showed decreased ATP content with 


increase ATP-ase activity and especially protease activity, accompanied very weak 
synthesis diphtheria toxin, whose titer was 
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STUDY THE PROTEINS COW'S MILK PAPER ELECTROPHORESIS 


Ali-Union Research Institute the Milk Industry, Moscow 


number important questions the physiology lactation, and the chemistry and technology 
treating milk require for their solution the widely used method electrophoretic separation proteins. 


The problem our investigation work out such method for the electrophoretic separation the 
proteins cow's milk which could used the greatest number laboratories and the same time would 
give satisfactory determinations and reproducible Naturally,we first turned our attention paper electro- 
phoresis. 


EXPERIMENTAL 


The proteins naturally defatted milk are poorly separated the electrophoretic Therefore, 
separated casein from the milk and separately studied the proteins the milk whey and the casein fraction. 


For this purpose added dropwise 500 defatted milk, heated 40° with intensive stirring, 
acetic acidupto formation granular precipitate and clear liquid. The liquid was vacuum, 
through bacterial filter and the precipitated casein was washed several times dispersing distilled water 
and then decanting. 


ELECTROPHORETIC STUDY THE PROTEINS THE WHEY 


The concentration proteins the whey normal cow milk very much less than blood serum, for 
example. The electrophoretic separation the milk-whey proteins without preliminary concentration goes poorly. 


For precipitation the proteins which have been freed from traces casein filtration, the whey was 
liquid. The whey protein precipitated completely and was filtered; was separated from the paper spatula 
and dialyzed cellophane bag with frequent changes distilled water for 2-3 days 2°. The solution was 
filtered through bacterial filter. 


Electrophoretic separation was carried out strip paper with dimensions 
veronal buffer (pH 8.6, ionic strength 0.1) for hours 150-320 Drops solution were 
introduced with the edge microscope slide. Both vertical and chambers were used with 
equal success. The strip, dried 105°, was colored with 0.2% solution bromphenol blue acetic acid 
which contained and was washed with acetic acid for full decolorization the part the paper 
which did not contain proteins. 


obtain the electrophoretic curve and the quantitative estimation the content separate fractions, 
cut the paper into strips 0.5 wide. extracted the dye from each strip and treated with 
NaOH. The solution was analyzed colorimetrically Dubosq type colorimeter using any colored 
solution sufficient intensity the standard. The measurement was carried out with yellow light filter, K-3, 
aneffective wave length about 620 my. The results were expressed arbitrary units, usually 


thickness the layer standard solution which corresponded optical density thick layer the 
solution being studied. 
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Fig. Electrophoretogram whey proteins normal milk (a) and colostrum the 

first day lactation (b). 

"Slow chromatographic" paper cm, veronal buffer 8.6, ionic strength 0.1; 
albumin; immune globulins. 


Fig. Electrophoretic curves for whey proteins normal 
milk (a), colostrum from the first day lactation (b) (result 
photometric analysis electrophoretograms), normal 
milk Tiselius apparatus according Larson and 
Rolleri and colostrum from the first day lactation 
(d) (in Tiselius apparatus, according Smith 

immune globulin; false -peak. 
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Fig. Electrophoretogram the casein cow milk 
"Slow paper cm, veronal buffer 8.6, ionic strength 0.1 with 


Fig. give typical results obtained with different whey proteins from normal raw milk and whey 
from colostrum the first day lactation. 


Fig. give the electrophoretic curve which reflects the relation intensity color the distance 
traveled the protein fractions. Comparison these curves with the curves derived from study analogous 
samples Tiselius apparatus [1, allows identify the separate protein components. 


The most mobile these, whichconstitutes about the total whey proteins, serum albumin. Polis 
al. [3] showed that physicochemical properties identical with the blood serum albumin cows. The 
serological identify these proteins has been confirmed Coulson and Stevens [4]. 


The next component (in the order decreasing mobility), -lactoglobulin, the chief protein consti- 
tuent normal milk whey, which was first separated crystalline state has further been shown [6] 
that -lactoglobulin consists two electrophoretically different substances, and Their 
separation evidently requires special conditions. 


Peak belongs which has been established the work Larson and Jenness [7]. 


The least mobile the milk whey proteins immune globulin, which under our conditions usually consists 
one electrophoretic fraction, 


The relative content serumalbumin, a-lactalbumin, and immune globulin was estab- 
lished the basis the total results from colorimetric analysis extracts the strips from each fraction. 
the analysis large number samples single type, when the identification the separate components 
not doubt, best cut the paper strips into larger pieces, each which corresponds separate fraction. 


The relative content the different fractions typical case is:serum albumin 4.3; -lactoglobulin 
20.4; and immune globulin 15.1% (collected whey from milk from the Moscow Dairies). 
These figures agree well enough with the data the electrophoretic composition cow milk whey obtained 
other authors. 


The sample colostrum which studied contained 1.4% serum albumin, 7.4% g-lactoglobulin, 8.5% 
a-lactalbumin, and 82.7% immune globulin. 


ELECTROPHORETIC STUDY CASEIN 


Mellander [8] 1939 found three casein fractions the Tiselius apparatus, which named the order 
decreasing mobility and The content a-casein native casein from cow milk according 


Krejci al. [9] have already observed the indefiniteness the quantitative estimation the contents 
the electrophoretic fractions and explained this the presence complex formation between the various compo- 
nents casein. 
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Warner [10] showed that electrophoretic analysis mixture pure and gives very low values 
for the content. Evidently part the g-casein forms complex with a-casein, and electrophoresis 
moves with the latter. Nitschmann and [11] and also Hostettler and Bruderer [12] showed that when there 
was decrease total concentration protein the solution, the relative content -casein increased. These 
results show that with dilution the complex partly dissociates into its separate components accord with the law 
mass action. 


especially great difficulty encountered attempts carry out electrophoresis casein filter 
paper. Lembke and Kaufmann [13] found identical migration for and Zweig and Block [14] noted 
that electrophoresis unfractionated casein the migration a-casein because 
reaction with -casein. The method paper electrophoresis veronal buffer can used, their opinion, 
only for control the homogeneity the separate casein fractions. 


Kutacek and Kratochvil [15, 16] also observed the complete absence separation casein paper electro- 
phoresis and emphasized that this indicated the difficulty securing the desired results. They tried avoid the 
difficulty using borate buffer, 10.4. 


None these reports gave original photographs show the results separation casein paper. 


Our attempts separate casein solutions “chromatographic filter paper with use different buffer 
solutions (veronal, glycine, phosphate, borate) chambers with different constructions and with various potential 
differences,in most cases did not give satisfactory results. 


When used veronal buffer with ionic strength 0.03, 8.6 strips with dimensions 
200 horizontal chamber for hours, sometimes succeeded getting relatively better results. 
casein solution buffer solution 0.03 NaOH,deposited the edge microscope slide, after separation 
and coloring with solution bromphenol blue, gave three fractions which were not sharply separated from each 
The quantitative estimation the content these fractions, spite the unsatisfactory separation, 
agreed well enough with the data other authors; the average from experiments gave 72.4% 20.8% 


seeking method which would permit obtaining clearer separation the casein components started 
from the assumption that the formation protein complexes and aggregations casein particles occurred for 
similar reasons. 


The value for the effect heat aggregation strongly acid medium (AH 3.8 C/mole) 
order magnitude the energy the hydrogen bond [17]. can assume that substance which 
has the ability disrupt hydrogen bond will prevent aggregation considerable degree and also prevent 
complex formation casein solutions. Therefore used concentrated urea solution medium for carrying 
out the electrophoretic separation casein. 


added 40% urea veronal buffer with ionic strength 0.1, 8.6 (20.6 medinal 1.86 veronal 
liter The electrode portion the chamber was filled with this solution, the strip paper was 
soaked with it, and the casein studied was dissolved (about Electrophoresis was carried out 
horizontal chamber 15-320 for hours. Further treatment the strip was carried out the method des- 
cribed earlier. 


Fig. shows, this method gives perfectly clear 
separation casein into three fractions. After colorimetric 
analysis the divisions the strip obtained the electro- 
phoretic curve shown Fig. The relative content the 
different fractions (typical example: 36.6% 
6.5% differs considerably from the values 
the literature. 


order test whether these results are due any 
sort reaction between and solutions which 
contain urea, prepared pure samples and -casein 
the method Hipp al. [18]. electrophoresis 


Fig. Electrophoretic curve for casein: 
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veronal buffers with and without addition 40% urea, both 
preparations behaved electrophoretically homogeneous pro- 
teins with markedly differing mobilities. 


x 
> 


Artificial mixtures were made from solutions 

and with varying amounts the two fractions. 

The relative content both proteins was then determined 

these mixtures electrophoresis buffer solutions which 

contained 40% urea. Fig. shows, the relative amount 

-casein found the mixtures agreed within the limits 

experimental error with the actual amount the mixture. 

mixture, the electrophoretic analysis the concentration the com- 

Fig. Determination the relative ponents; thus,each them behaves individual protein 


content its mixture with under these conditions. 


paper electrophoresis. The possibility denaturation the native protein 
Veronal buffer, 8.6, ionic strength urea is, course, not excluded, should note, however, 
0.1 with 40% urea added. that such denaturation cannot very deep: both pure 
and its mixture with a-casein, according our 
observations, retain after removal the urea all such specific properties the ability coagulate the presence 
calcium under the influence rennin. 


according data 


electrophoresis, 


Our results the electrophoretic separation casein buffer solutions which contain 40% urea thus 
probably give truer picture the electrophoretic composition native casein than the results separation 
ordinary buffers without addition substances prevent aggregation complex formation, and which have been 
published the literature. 


electrophoresis without urea, probably not pure a-casein which migrates, but chiefly complex 
composed about the same amounts a-casein and assume that the amount this complex 
double the amount a-casein, then the sample which have studied and which, according the data 
electrophoresis the presence urea, contains 56.9% g-casein, and 6.5% should 
show electrophoresis the absence urea 73.2% (that is, the complex 20.3% 
and y-casein. Actually the values found were 72.4% and 6.7% 
showed above. The values given the literature are usually close these. 


Such agreement, and the combination all other factors known us, indicate the need reconsider the 
data the electrophoretic composition casein and the desirability the future using only such electro- 
phoretic methods will take account the necessity avoiding the difficulties caused aggregation and 
complex formation. 


SUMMARY 


have described method for separating the proteins cow's milk paper electrophoresis, which 
have carried out the electrophoretic separation separately for the whey proteins and the proteins the casein 


group. 


The whey proteins cow's milk obtained after separation the casein precipitation the isoelectric 
point can successfully separated into fractions paper electrophoresis. Before the electrophoresis carried 
out, the protein should precipitated from the whey saturating the latter with and the precipitate 
should dialyzed. Typical results the analysis whey collected from normal cow's milk are: 4.3% serum 
albumin, g-lactoglobulin, 20.4% 15% immune globulins. The whey from colostrum con- 
tains more than 80% immune globulins. 


The casein cow's milk has been successfully separated electrophoretically veronal buffer (pH 8.6, 
ionic strength 0.1) the addition 40% urea substance which permits rupture hydrogen bonds and prevents 
aggregation and complex formation. result the analysis have shown that the casein fraction milk 
contains 36.6% 56.9% and 6.5% 
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THE SEPARATION LIVER PROTEINS ELECTROPHORESIS AGAR 


Voskoboinikov 


Biochemical Division, Central Research Institute for Roentgenology and Radiology, 
Ministry Public Health, USSR, Leningrad 


recent years there has been published the literature great amount work devoted the separation 
blood serum proteins electrophoresis. particularly wide distribution has been obtained separating the 
substances paper. The ease and relative simplicity the method have made irreplaceable for the separation 
mixtures proteins, amino acids, and other compounds. Nevertheless, until recently there has been only 
single study the separation tissue proteins. This apparently because the very complex protein compo- 
sition tissues, that most cases good separation cannot obtained. Even studies carried out the 
classical Tiselius method with special and expensive apparatus, the results have not yet been especially remark- 
able. 


Sorof and Cohen [1] and Kaplanskii al. [2] the separation liver extracts the Tiselius apparatus 
obtained 8-9 separate protein components. However, the separate peaks the electrophoretogram were poorly 
indicated, poorly separated, and overlapped one another. This makes their interpretation difficult and also pre- 
vents any assurance homogeneity for these components, and sometimes even their presence. Therefore 
not surprising that other authors have succeeded separating definitely from the water-soluble liver proteins 
only 4-6 fractions [3-7]. Using paper electrophoresis some authors have separated liver proteins into five [8] and 
even [9] separate fractions. 1950 Gordon and co-workers [10] and 1955, Bussard and Perrin [11] showed 
that the use agar gel medium for electrophoresis had advantage over paper. Afterwards,agar gel was 
successfully used for the separation blood serum proteins (Resslar al. [12], Nevertheless, 
now this method has still not been widely used. the literature find indication the use agar gel 
for separation tissue proteins. the present work have set ourselves the problem showing the possibility 
getting clear and easily reproducible separation the proteins the liver electrophoresis agar. 


Bussard and Perrin [11] their work carried out rather complex procedure for preparing the agar and 
the electrode apparatus. carry out the electrophoresis the authors covered the agar with plastic cover and 
cooled with special ventilating apparatus. Later Grabar [13] simplified the method considerably for electro- 
phoresis agar. our work have retained the general principles the method described Grabar, but have 
changed somewhat its application our 


For preparing the agar gel sample commercial agar (4.5 was washed 500-600 distilled 
water for 24-28 hours. The water was changed 2-3 times and the flask was shaken several times, for more 
complete removal the impurities. When the washing was complete, the water was removed and the swollen 
agar was treated with 400 veronal buffer, 8.6. The mixture was heated boiling water bath 
full solution the agar, the solution was filtered through funnel with porous bottom, and poured onto glass 
photograph plate with dimensions 18, described Grabar. order obtain hole into which place 
the protein solution, had previously placed the plate glass rod with diameter about and length 15-17 
mm. When the agar had set, the plate was carefully removed. unite the agar the buffer, placed several 
layers filter paper the edge the plate, and the crack between the paper and the agar plate was filled with 
dilute agar. The best results were obtained concentration agar the gel about and 3-4 thick- 
ness the layer. 
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The apparatus for electrophoresis our experi- 
ments did not differ principle from that described 
Grabar. However, felt that was important main- 
tain the same level buffer the electrode cuvettes. 

For this purpose used the simple apparatus shown Fig. 
The excess buffer which was dripped into the electrode 
cuvette gradually flowed out through tube 1). Also, 
lowering raising the tube, was easy regulate 

the level the buffer the electrode vessels. 


The experiments were carried out mice. The 

extracts proteins for electrophoresis were obtained 
Fig. Scheme the apparatus for maintaining the various processes. the first series experiments the 
same level buffer the electrode cuvettes. mouse livers were ground glass homogenizer with 

physiological saline, and the homogenate was treated 
with ether, Kaplanskii [2] recommended, but with the difference that for one part the liver weight took 
two parts physiological saline. another series experiments the livers were homogenized with two volumes 
distilled water and the homogenate was treated with ether. The liver protein extracts obtained after treat- 
ment with ether and centrifuging the first and second series experiments were divided into two parts, which 
one was heated 37° and centrifuged, and the other was submitted electrophoresis without heating. third 
series experiments the mouse livers were homogenized with times the weight distilled water. The homo- 
genate was heated water bath for 10-15 min 80° and centrifuged. The supernatant liquid was evaporated 


all the series experiments the liver protein extracts the amount 0.01-0.04 were placed 
narrow pieces filter paper which were placed grooves the agar,and dilute agar solutions were poured 
top them. Electrophoresis lasted from hours 70-75 and current strength 25-30 mA, After taking 
the plate from the apparatus, removed the filter paper and the plate with the agar gel was Staining 
the electrophoretogram from mouse-liver proteins presented number unexpected difficulties. showed that 
the method staining usually used for paper electrophoresis was inadequate simply not suitable for staining 


agar attempts stain the protein fractions agar alcohol acid solutions 
bromphenol blue were without result. Acid fuchsine stained the proteins very poorly. obtained good coloration 
the proteins staining the electrophoretogram with acid blue-black dye solution phenol 10% 
acetic acid. However, this dye was very easily washed out the protein attempts wash the electrophoreto- 
gram. satisfactory color the protein fractions the agar was obtained working with aniline blue. The 
method coloring was follows: the prepared electrophoretogram was placed for hours 0.02% solution 

aniline blue 10% acetic acid, after which was placed for another hours solution this dye 
10% trichloroacetic After hours the electrophoretogram was first 2-3 changes 
acetic acid for hours and then 3-4 changes distilled water for 24-48 hours. result obtained clear 
staining the fractions with very weakly colored background. 


Although the advantages agar gel medium for electrophoresis were shown the work Gordon al. 
[10] and Bussard and Perrin [11], the results electrophoresis agar for liver proteins surpassed our most daring 
hopes. With the use the simplest possible preparations liver extracts this method gave clear separation 
liver protein into separate protein fractions. difference was found the protein composition the extracts 
whether physiological saline distilled water was used the extraction. More than this, liver extracts which had 
not been heated gave exactly the same even better results electrophoresis than did extracts heated 37°. 
Actual differences were found only when the water extract the liver was heated 80° (without previous 
ment with ether) and then evaporated vacuum. work with such extracts obtained separate, clearly dis- 
tinct fractions (Fig. 2). Seven these migrated different rates the cathode, and only one the anode. 
these fractions (except the seventh) are indicated numbers. The seventh fraction designated the letter 
since liver ferritin, were convinced electrophoresis crystalline ferritin preparation. view 
the very great rate migration fraction (Fig. the anode, can obtained clearly only the 
phoresis stopped after 2-3 hours, while for the clear separation fractions which migrate the cathode, longer 
time (5-7 hours) required. 
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Fraction 


Fig. Electrophoretogram liver proteins. Duration electro- 


Fraction 


Fig. Electrophoretogram liver proteins. Duration electrophoresis: 6.5 hours; 
Liver extract heated 80°; II) the same 37°; III) the same without heating; IV) serum proteins. 


other processes preparing the extracts the liver, obtained fractions protein. The 


same fractions then migrated the cathode (Fig. while minimum fractions migrated the anode; 
these were not found work with liver extracts after heating them 80° (Fig. 3). 


Some the fractions which obtained could identified with blood serum proteins. the electro- 
phoresis blood serum proteins with liver proteins,we showed that the rate migration fraction 
from the liver was equal very close the rate migration serum albumin. Also, fractions and 
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the liver protein migrated rates corresponding the migration and the serum. However, 
the basis these data cannot draw definite conclusions, since this question requires special investigation. 


Further, tried work out method which would permit carrying out quantitative determination the 
proteins the different fractions after their separation agar. Actually, was necessary elute the dye 
quantitatively from the pieces agar. After many experiments, found very simple and satisfactory method. 


The stained and washed electrophoretogram was carefully cut with razor into approximately equal parts, 
taken that each piece there was electrophoretically distinct protein fraction. The pieces which contained 
the separate protein fractions were placed centrifuge tube with pure 98% alcohol. The tubes were 
carefully heated the water bath with constant stirring until the agar had fully dissolved. result, the dye 
dissolved well the alcohol and the agar was coagulated and appeared white flakes. After centrifuging, the 
supernatant colored liquid was poured into graduated tube. Two alcohol was added the coagulated 
agar and the tube was again heated the water bath with stirring. After centrifuging, the supernatant liquid was 
poured into the main portion, Thus,we obtained full elution the dye the alcohol. the bottom the 
centrifuge tube was white precipitate agar, which contained dye. The colored alcohol solution the dye 
was diluted with distilled water ml. For full precipitation the partly dissolved agar added each tube 
centrifuging obtained perfectly clear alcohol solution 
dye. The amount dye was determined SF-4 spectro- 
photometer wave length 590 mp. control,dye was 
eluted from pieces agar free from protein. 


test the relation our results the amount 
protein the fraction, and also construct calibration 
curve needed solutions the individual proteins with 
accurately known concentrations. Naturally, could not 

used the liver protein,ferritin, which obtained crystal- 
line form and recrystallized three times; the electro- 
phoretogram this was the fraction designated the letter 
placed agar plate various known amounts 
ferritin solutions. After seven-hour separation, the agar plate 
was treated the process described above, and the resulting 
alcoholic solution the dye was determined the spectro- 
photometer. The results (Fig. show that over definite 
range the absorption coefficient increases proportionally 
the increase amount protein the fraction. assume that crystalline ferritin contains 16.1% nitrogen, 
[14] then can see that the linear relation maintained when the content protein increased from 111 
ug. Our results fully agree with the conclusions Keiderling and Wohler [15] who found paper electrophoresis 
liver proteins linear relation increased content ferritin iron 20-25 However, must emphasize 
that obtain reproducible results especially important use strictly standard conditions for obtaining and 
washing the electrophoretogram. 


Absorption coefficient 


Fig. Curve relation absorption 
coefficient amount protein 
fraction 

the abscissa from the top down: 
protein solution ml, content 


SUMMARY 


With the use electrophoresis agar, liver protein extracts are clearly separated into separate fractions. 
For the investigation small amount tissue and the simplest method treatment are The electro- 
phoretogram, colored with aniline blue, eluted with alcohol and the eluate analyzed spectrophotometrically 
determine the quantitative ratio the different protein fractions. 
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a 

a 

q 
we 
a 
om 

4 


LITERATURE CITED 

Sorof and Cohen, Biol. Chem. 190, 303, 1951. 

Hoffman and Schechtman, Cancer Res. 12, 129, 1952. 

Eldredge and Luck, Cancer Res. 12, 801, 1952. 

Lamirande, Allard and Cuntero, Cancer 179, 1953. 

Honda, Sato, Ogawa and Kono, TohokuJ. Exptl. Med. 62, 147, 1955. 

Sato, Tohoku Exptl. Med. 62, 151, 1955. 

Adjutantis, Nature 173, 529, 

[9] Ya. Kaplanskii, Kuzovleva and Vopr. Med. Khim. 451, 1957. 
Gordon, Keil, Sebesta, and Sorm, Collection Chem. Comm. 15, 1950. 
Bussard and Perrin, Lab. and Clin. Med. No. 689, 1955. 

Ressler and Jacobson, Science 122, 1088, 1955. 

Grabar, Biokhimiya 22, 49, 1955. 

Granick, Chem. Revs. 38, 379, 1946. 

Keiderling and Wohler, Arch. expl. pathol. pharmakol. 221, 418, 1954. 


Original Russian pagination. See Translation. 


q 
j 
4 
= 
% 
‘a 
4 
ag 
~ 
a 
% 
4 
a 
4 
4 
a 
a 
4 
we 
381 


THE RATE AMINO ACID METABOLISM PLANTS 


Pleshkov, Shmyreva and Sh. Ivanko 


Order Lenin Moscow Agricultural Academy, Moscow 


Recently, much new material the rate synthesis and amino acid metabolism plants has been 


obtained the improvement the chromatographic method determining amino acids and the use iso- 
topes [1-7]. 


these investigations very high rate amino acid synthesis has been established and possible path 
for the metabolism number amino acids plants has been shown. most investigations the rate 
synthesis and metabolism amino acids, the compounds whose conversions were studied experimentally (in- 
organic nitrogen, sugars and amino acids labeled the carbon, carbon dioxide) entered the plants through the 
roots through the leaves the process photosynthesis. However, under such conditions the rate synthesis 
and metabolism the amino acids would limited the rate accumulation the given compound the 
plant. our experiments the study the rate amino acid formation was carried out vacuum infiltration 


inorganic nitrogen into the leaves roots with later quantitative determination the different amino acids 
paper chromatography. 


METHODS 


The metabolism and synthesis the amino acids was studied two experiments with Triumph Shell beams 
and one experiment with Voronezh corn. the first experiment the beans were grown sandy soil 
culture nutritive mixture with exclusion nitrogen. For analysis used 3-5 leaves 


and plants. Vacuum infiltration the leaves was carried out with solution 


After infiltration the leaves were dried with filter paper and placed damp chamber and illuminated 
with intensity about 3000 lux per day for periods from min hours. 


the second set experiments the beans were grown water culture, also mixture 
with insufficient nitrogen. For analysis used the third and fourth leaves one-month-old plant; infiltration 
the leaves was carried out with solution the above-described composition, and also with distilled water 
experiments). Exposure lasted 1-6 hours. 


the experiments with corn used only the roots the plants. The corn was grown for days 
water culture with full nutritive medium, and then the plants were transferred distilled water and kept the 
water for days, after which the roots were separated and used for analysis. The roots were infiltrated with 
experiments used water for the infiltration. The exposure was 1-8 hours. 


Extraction the amino acids, their chromatographic separation and quantitative determination were 
carried out the method which described earlier [8]. 


The amino acid content the sample was calculated from the corresponding calibration curve. 


the construction the calibration curve, standard solutions each amino acid were submitted chro- 
matography. 
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The treatment the resulting chromatograms was carried out the same way the case the experi- 
mental chromatograms. 


the figure show the chromatograms obtained without outflow the solvent. 


EXPERIMENTAL RESULTS 


The results our experiments showed that after infiltration the leaves roots inorganic nitrogen 
there was very rapid process the plants its conversion amino acids. also established that along with 


Chromatograms bean leaves, obtained different periods after 
infiltration. 

Duration exposure: min; II) hour; hours; IV) hours; 
ragine, arginine, glutamine, 7-9) aspartic acid serine gly- 
cine, 10, 11) glutamic acid threonine, 12) alanine, 13) tyrosine, 
14) aminobutyric acid, 15, 16) methionine valine, 17) phenylala- 
nine, 18, 19) leucines, 20) unidentified amino acids. 
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increase total content free amino acids there occurred fall the content certain amino acids, 
especially under conditions short exposure. 


the figure give chromatograms bean leaves (experiment obtained different periods after 
infiltration inorganic nitrogen. all,in the bean leaves detected amino acids the free state: 
cystine, lysine, histidine, asparagine, arginine, glutamine, aspartic acid, serine, glycine, glutamic acid, 
threonine, alanine, tyrosine, aminobutyric acid, methionine, valine, phenylalanine, leucines, and one un- 
identified amino acid Quantitative determination the amino acids was not carried out this 
experiment. However, visual comparison color intensity indicated that hour after infiltration the 
nitrogen there was decreased content some amino acids (glutamic acid, alanine), and after two hours there 
was notable increase the content almost all the amino acids. Four hours after infiltration observed 
further synthesis glutamine, lysine, histidine, asparagine, arginine, aspartic acid, serine, glycine, glutamic 
acid, threonine, tyrosine, aminobutyric acid, and phenylalanine, and after seven hours the content all the 
identified amino acids had increased about one and half two times. 


hours exposure further increase content free amino acids was found, and the amount 
tyrosine, aminobutyric acid, glutamine, and aspartic acid had even decreased somewhat. This decreased con- 
tent certain amino acids after long exposure can apparently explained bythe conversion all the infil- 
trated nitrogen the plant, and also the use the amino acids for protein synthesis. Thus,these experi- 
ments have shown that the nitrogen infiltrated into the leaf very quickly used for amino acid synthesis, The 
first products the conversion nitrogen into amino acids are glutamine, aspartic acid, aminobutyric acid, 
and, perhaps, arginine. The decreased content glutamic acid after infiltration furnishes basis for assuming 
the use this amino acid for the synthesis glutamine and also aminobutyric acid [9-13]. Since the begin- 
ning the experiment glutamic acid was present the leaf very small amounts, then all probability 
synthesized first and very rapidly. Only thus can explain the great use this amino acid the synthesis 
glutamine and the formation aminobutyric acid. 


the second series experiments with leaves the bean plant carried out quantitative determination 
the amino acids intact leaves and also after infiltration the leaves with water and the solution which 
contained nitrogen; thus could determine the amounts separate amino acids synthesized from the infil- 
trated nitrogen and that formed from products splitting proteins. 


The results this experiment are given Table 


note the considerable increase content amino acids result infiltrating the leaves with the 
solution which contains nitrogen. Thus, the total content amino acids after six-hour exposure under these 
conditions was almost three times greater than the intact leaves and more than one and half times greater 
than leaves infiltrated with water. Even one hour after infiltration with nitrogen, the content aminobutyric 
acid, glutamine, and asparagine almost doubled and the amount basic amino acids increased sharply. After 
exposure the content most the amino acids decreased, but six hours after the infiltration 
observed considerable rise the content all the identified amino acids except alanine. 


The content asparagine, glutamine, serine, glycine, aspartic and glutamic acids, and valine rose 
especially strongly. distinction from this, when the leaves were infiltrated with water the rise total amino 
acid content occurred mostly because asparagine, aspartic and glutamic acids, that is, those compounds 
which are formed greatest amount the splitting proteins. 


The results determination rate synthesis amino acids corn roots are shown Table 


found amino acids the free state corn roots: cystine, lysine, histidine, asparagine, arginine, 
glutamine, aspartic acid, serine, glycine, glutamic acid, threonine, alanine, tyrosine, aminobutyric acid, valine, 
leucine, and two unidentified acids and Thus, corn roots there considerable quantity 
almost all the amino acids which are characteristic for The results this experiment also show that the 
roots have the ability for very rapid conversion inorganic nitrogen and the synthesis amino acids. spite 
the long nitrogen deprivation the roots and the possibility intensive use the amino acids for protein 
synthesis, eight hours after nitrogen infiltration the content all the amino acids which determined was 
increased more than double that the control. The utilization the amino acids the corn roots very 
similar that found the bean leaves. hour after nitrogen infiltration there was great change the 
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TABLE 


Rate Amino Acid Synthesis when Bean Leaves are Infiltrated with Inorganic Nitrogen 
Amino Acid Content Given per Wet Weight 


Amino acid tration tration, 
hours 


Valine Traces 

Aminobutyric acid 24,7 9,6 

Glutamic acid 11,6 43,8 

Glycine 12,9 

Serine Traces 42,7 

Aspartic acid 20,9 41,7 

Arginine 0,0 Traces Traces 
Histidine Lysine 3,0 18,8 1,0 
Cystine Traces Traces Traces Traces Traces 


TABLE 


Rate Amino Acid Synthesis When Corn Roots are Infiltrated with Inorganic Nitrogen 
Amino Acid Content given per Wet Weight 


Without Exposure, hours 
Amino acid infil- 
tration 


Leucine 7,4 Trace 40,0 3,6 Not deter- 
mined 
Valine 9 24 13,0 Not deter- 
mined 
Valine aminobutyric Not deter- 9,3 21,4 
acid mined 
yrosine 12,3 Not deter-| 
mined 
3,2 15.0 3,3 
Glutamic acid 16,5 11,5 
Glycine 10,9 12,5 
Aspartic acid 131,8 
Cystine Trace Trace Trace 


content all the free amino acids. Along with decrease the content asparagine, alanine, threonine, serine, 
glutamic acid, and leucine, there was considerable increase content glutamine and aspartic acid. After 
two-hour exposure, there was increase content asparagine, glycine, histidine, and lysine, but the new 
formation aspartic acid and glutamine was somewhat inhibited. 


After four and eight hours from the infiltration there was increase the content most the free 
amino acids, especially glutamine, alanine, and aspartic acid. 


should remark that while the leaves, after infiltration inorganic nitrogen,synthesize asparagine and 
glutamic acid more intensively, the roots preferentially accumulate aspartic acid and glutamine. 
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The results our experiments basically agree with the data Turchin [6, who showed that plants 


there first synthesized alanine, then after one two hours the dicarboxylic amino acids, and after 12-36 hours 
the basic and aromatic amino acids. 


However, our experiments the synthesis the basic well the dicarboxylic and aromatic occurs more 
intensively than the experiments Turchin. Thus, when there sufficient carbohydrate there can very 
rapid synthesis most the amino acids and their rapid uptake into protein composition [1, 14-16]. 


all our experiments,a short time after introducing the nitrogen into the plants the contentsof some amino 
acids decreased and others showed increase. that plants which have grown insufficient 
nitrogen the deficit amino acid composition and the limited amount amino acids present hinder their use 
for protein synthesis. After introduction nitrogen infiltration, some other way, there distribution 
such way that the plant acquires the optimum quantitative and qualitative ratio the different amino 
acids most favorable for the synthesis the proteins the species plant and its organs. All these processes 
occur the leaves and roots plants very quickly, period not greater than few hours. 


According the most important part the progressive change nitrogen taken glutamic 
acid and the products its transformation. all probability plants there can also transamination 
glutamic acid, Braunshtein recently showed animal tissues [17]. 


Kretovich [18, 19] and other authors [10, 20, 21] have shown the ease formation glutamine 
The conclusion that work the central role glutamic and aspartic acids and their amides 
nitrogen metabolism, and particularly amino acid metabolism,is confirmed the results our experiments. 
SUMMARY 


have determined the rate the metabolism individual amino acids bean leaves and corn roots 
after vacuum infiltration inorganic nitrogen. 


After nitrogen infiltration, the accumulation glutamine, glutamic, aspartic, and aminobutyric acids 
begins first the leaves. After four hours from the infiltration the amount all the free amino acids the leaves 
increases one and half two-fold. 


Isolated corn roots are actively synthesizing organs and very short time can synthesize all the amino 
acids; the first, most rapidly accumulating product glutamine. 
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THE SEPARATION MIXTURES ADENOSINE-5'-, 
AND GUANOSINE-5'-PHOSPHORIC ACID ANIONITE AB-16 


Dovedova 


Laboratory Physiological Chemistry, Academy Sciences, USSR, Moscow 


1950 Cohn and Carter [1, worked out method for separating mixtures adenosine phosphates 
exchange chromatography. the ionite they used the resin Dowex-1. Later Bergkwist andDeutsch [3] used this 
resin the formate form for separation adenosine-5'-, uridine-5'-, and 
using mixture formic acid and sodium formate the eluting solution. 


Potter and co-workers [4, experiments with rat livers separated complex mixtures nucleotides 
chromatographically, using for removal two systems solvents, formic acid with sodium formate, and the same 
acid with ammonium formate. all these solutions Dowex-1 was used the anionite; separation 
the nucleotides was carried out for analytical purposes. 


Gorkin [6] has described the separation adenosine-5'- and inosine-5'-phosphoric acid domestic 
anionite. Parallel and independent him,we have also separated mixture adenosine-5'-phosphates the 
resins AB-16, and AB-17 using considerably smaller concentrations hydrochloric acid and 
sodium chloride. This study was carried out the basis later work the separation mixture uridine-5'-, 
and acid with different degrees phosphorylation resin AB-16 for 
analytical and preparative purposes, which the present work also devoted. 


EXPERIMENTAL 


the experiments used the resin AB-16* strongly basic anionite the condensation type which 
contains the functional groups primary, secondary, tertiary, and partly, quaternary ammonia groups [8]. 


The resin was dried vacuum desiccator over phosphoric anhydride and then ground hand mill. 
Sifting was carried out through cloth sieve (100-130 mesh), which used flour mills. The part the 
resin which passed through the sieve was suspended number times water and the large particles which 
settled 2-5 minutes were discarded, were the finer ones which did not settle after standing. 


The resulting fraction particles was treated with transform the chloride form 
HCOOH convert the formate form. For this purpose the resin was suspended with times its volume 
acid, and after the latter had been decanted the resin was put glass column with inner diameter 1.2 
and height resin layer 1.2 3-5 cm) for analytical separation and with inner diameter 2.0 
and height (resin layer 2.0 cm) for preparative purposes. The construction the column was describ- 
Tompkins al. [9]. After the resin had been placed the column, several liters water were passed 
through full removal solution with weak acid reaction, (pH 5-6). The optimum rate flow was 


MATERIALS THE STUDY 


materials for the investigation used preparations obtained from yeast the somewhat simplified 
method Leloir [10] for the separation uridine diphosphoglucose (UDPG) with later hydrolysis uridine 


Manufactured the Plastics Research Institute the Ministry Chemical Industry the USSR, Moscow. 
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TABLE 


Content UMP, AMP, UDP, and Guanosine-5'-phosphate the Nucleotide Preparation 
and Yeast the Basis Paper Chromatographic Determination 


Guanosine- 

Solvent 
system 


Fog 


Ethyl alcohol- 
acetate buffer, 


2,8 
(75:30) 


n-Propanol- 

(satu- 

pli 6.8 


diphosphate (UDP). The isolated barium salt, studied chromatographically, showed mixture AMP, UMP, UDP 
and two phosphate derivatives guanosine, various methods these included labeling, and 


several systems solvents, and also the ratio The ratio fractions the preparation 
obtained extracting the spots the chromatogram shown Table 


Paper chromatography was carried out several systems solvents and gave good separation for the 
mixture nucleotides: 


ethyl alcohol acetate buffer, 3.8 (75 30) [11]; 
isobutyric acid 0.1 versene (100: 60: 1.6) [12]; 
n-propanol 0.1 phosphate, 6.8 (2: 60: 100) [13]. 


Chromatography was carried out the descending (systems and ascending direction (system 
room temperature for 24-40 hours. For chromatography used slow-filtering chromatographic paper LM-2, first 
treated with 0.1 and washed with water. 


standards used the following preparations: for ATP, preparation obtained from rabbit muscle the 
method Needham [14]; for AMP, used the alkaline hydrolyzate from for ADP, preparation obtained 
from ATP the action myosin according the method Lyubimova [16]; for UTP, commercial preparation 
which contained admixture UDP and UMP. 


Separation Mixture Adenosine-5'-, Guanosine-5'-, and 
the Anion Exchange Resin the Chloride Form 


The barium salts the phosphates adenosine, guanosine and uridine use, were converted into 
solution the sodium salts and these were then adsorbed the resin. Before adsorption always tested the 
absorption the solutions the analytical column the optimum separation was attained 
with 10-20 nucleotides, and the preparative column, with 100-200 mg. The attempt adsorb larger 
amount nucleotides was unsatisfactory; probably the AB-16 resin does not have great capacity. Adsorption 
was carried out neutral reaction medium with water solution mixture nucleotides (their concen- 
tration was mg/ml). For determination the fullness absorption,the resin was washed with water obtain 
solution with and the liquid which passed through was collected automatic collector into 
fractions 10-15 for analytical purposes and 20-30 for preparative separation. The concentration 
nucleotides each fraction was measured optical density wave length 260 determined the SF-4 
spectrophotometer. used the following coefficients molecular extinction: for 14,200, for guanosine 
derivatives 10,800, UMP and UDP 10,050 [3]. Since the rate flow changed overnight, the volume the 
fractions was measured before the determinations. 
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200 400 600 800 200 200 400 400 200 


Solvents, 


Fig. Distribution mixture adenosine-5'-, and 

acids 820 units) column resin AB-16 

Solid line dotted line pH. Figures the peaks denote per- 


cent total extinction 260 92.7%. For eluting solutions, 
see text. 


TABLE 


Separation Mixture Guanosine-5'-, and Uridine-5'-phosphates from 
Yeast Resin AB-16 


anionite resin UMP 


column sorption 
Found, 


Chloride 


Resin AB-16 has great buffer capacity; therefore was necessary pass considerable quantity the 
first solvent establish the and only after this could begin separate AMP (Fig. 1). 


the graph have laid out the abscissa the volume solution with which elution takes place,and 
the ordinate the absorption 260 and the the fractions. the graph shows, the separation the 
nucleotides almost quantitative. Elution the nucleotides was carried out using the following solvents, 
which each solution was passed through the column until the extinction the fraction reached 


derivatives); 0.2 NaCl 0.01 (UDP). 


For the analytical separation used the same solvents for preparative purposes. Then for regeneration 
the resin passed (this removed certain amount unidentified nucleotides), and again washed 
with water until the outflowing liquid had 5-6. The total yield eluted compounds was 92%, Table 
give the results several experiments separating mixture adenosine-5'-, uridine-5'-, and 
phosphates anionite AB-16,which agreed sufficiently well with the results obtained paper chromatography 
the same preparation,as shown Table 


44% 
23% 
UDP elu yleld 
97,7 
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the preparative experiments the nucleotide fraction obtained after the separation was collected for 
further use. For this purpose, the solution was neutralized and, free the nucleotides from NaCl, they were 
treated with activated wood charcoal GOST 4453-48 (calculated 100 mg/100 units nucleotides 
and the charcoal was repeatedly washed with water. The nucleotides were twice-extracted from the charcoal 
with alkaline alcohol, 8.5 (ethanol whose volume was equal 1/10th that the 
original solution [17]. The loss from the charcoal treatment was 20-25%. After filtration through asbestos 
filter, the eluate from the charcoal was concentrated 30-40° final concentration nucleo- 
tides 10-15 mg/ml, and then, after identification they were used substrates experiments. the same 
time the isolated compounds were tested paper chromatography described above. 


The nucleotides were deposited paper the 
extent 30-50 each point. After chromatography, 
the positions the spots were shown with the ultra- 
chemiscope. 


Fig. shows,in giving the results two chroma- 
tograins (No. 127 and 128) two solvents, and 
fraction obtained after separation resin AB-16 gives 
one spot the position standard 
phosphate; find for this spot Ragenosine 
almost agrees with the literature data (for example, 
Radenosine Fraction also has one spot 
which Ragenosine 9-83 the system,corresponds 
UMP (0.84). Fraction III gives two spots which correspond 
guanosine phosphate derivatives. These are evidently 
GMP and can conclude from the value for 
obtained system [12], and also from the observed 
specific fluorescence the ultraviolet after treatment 
with vapors [18]. These compounds were not 
determined other methods. Fraction gives one 
uridine diphosphate 0.59), besides which 
this spot found the UDP level partly decomposed 
commercial preparation UTP. 


Fig. Chromatograms prepared the 
descending direction, hours room 
temperature. and solvents, see 
"Materials and Methods the Study.” 
Mixture nucleotides precipita- 
ted barium salts; fraction (AMP), 
0.71 (A); 1.0 (B); fraction (UMP), 
0.83 (A); 0.49 (B); fraction (for 
the spots guanosine phosphates GMP Analysis fractions. The ratio nucleoside (by 
0.68 (A); 0.60 (B); 0.55 total phosphorus and labile phosphorus AMP 
(A); 0.41 (B); fraction (UDP), 0.58 and UMP theoretically fraction (AMP) 
(A); 0.24 (B); 6(A) standard adenosine find 1.0 fraction (UMP), 
1.0), AMP, ADP, ATP; 6(B) UDP the theoretical ratio uridine (by total 
standard AMP 1.0), ADP, ATP. phosphorus and labile phosphorus find 
fraction (UDP) This indicates that 
fractions and consist compounds with one phosphorus residue,and fraction compound with two resi- 


Hydrolysis. All the compounds which obtained were hydrolyzed perchloric acid for hour 
100° [19] and then neutralized with KOH: the hydrolyzates were placed paper and separated the system 
88% alcohol-95% ethyl alcohol-10 then found spot for adenine the AMP 
fraction, guanine spot the fraction, and spot for uracil the UMP and UDP 
fractions; these corresponded the literature values (uracil 0.63, adenine 0.21, guanine 0.15) 


Treatment with bromine water. Each fraction from the column had characteristic absorption curve the 
ultraviolet with maximum close 260 characteristic for derivatives adenine, uracil, and 
guanine. Table shows, the ratios optical densities which found, 280/260 and 250/260 cor- 
respond the literature data [21]. 
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TABLE 


Determination the Fractions Obtained After Separation Resin AB-16 


Methods Fraction 
(AMP) (UMP) (G-P) (UDP) 
Hydrolysis Adenine Uracil Guanine Uracil 
(pH 2.0) 0.29 0.40 0.58 0.42 
0.80 0.67 0.89 0.73 
Treatment with Br, Curve not Peak Curve not Peak 260 
changed removed changed removed 


After treatment with bromine water the character the curves for AMP and guanine nucleotides did not 
change, but the fractions UMP and UDP the peak was removed, which characteristic for these compounds 
[10]. The results all these determinations are given Table 


Separation Mixture Adenosine-5'-, Guanosine-5'-, and 
Acid the Anion Exchange Resin AB-16 the Formate Form 


the material for study used the same preparations for the separation the anionite the 
chloride form. separated analytical amounts the nucleotide mixture (10-20 mg) using the system 
solvents: sodium formate and formic acid the method Bergkwist and Deutsch [3]. The guanosine phosphates 
were eluted with somewhat greater concentrations sodium formate compared the description (0.5 


200 300 400 500 600 100 200 300 100 


Solvents, 


Fig. Separation mixture adenosine-5'-, guanosine-5'-, and 
phosphoric acids 300 units) column resin (formate). 
Designations the same Fig. Yield Eluting solutions, see text. 
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Fig. give the graph distribution the nucleotides using the formate system solvents. 
column cm? collected barium salts the preparation and then series solvents was passed 


through: 
HCOOH remove makes 48% the adsorbed nucleotides; 
0.5 HCOONa 0.1 HCOOH remove UMP (26%); 


The the outflowing solution then became higher. Regeneration the resin was produced with 
HCOOH (0.6%). The total yield nucleotides after separation was could not brominate the fractions 
since the bromine oxidized the formic acid and did not act the nucleotides. For preparative purposes the 
formate was not used. 


DISCUSSION RESULTS 


the foregoing data show, possible separate quantitatively the domestic anion-exchange resin 
AB-16 complex mixture nucleotides which contains and 
acids, obtained from baker's yeast. The presence the preparations other nucleotides, besides uridine deri- 
vatives, was confirmed evidence the literature [21]. work with AB-16 the chloride form, compared 
the resin changed the solvent concentrationssomewhat. Adenosine and uridine monophosphates 
were removed solvents which had lower concentration ions than were used Cohn and Carter, but 
with this the volume nucleotide solution was considerably greater (in the preparative experiments their further 
concentration was achieved adsorption charcoal). ATP was removed increasing the concentration 
ion (by increasing the content the solvent). The analytical and preparative columns were treated under 
the same conditions but the latter case the greater part the fractions was collected and used later 
The total yield obtained after treatment nucleotides separation zeolite was 50-60%, All the isolated 
compounds were chromatographically homogeneous and were identified various methods. Use the formate 
system showed that separation this mixture nucleotides took place almost the same solvent concentrations 
those described the literature [3]. However, possible that the low yield guanosine-5'-phosphate (2.1%) 
can explained the fact that part the guanylic acid which was evidently present the preparation entered 
the UDP fraction. Since this system not used for preparative purposes, isolation homogeneous fraction was 
not carried out. Separation adenosine-5'-, and guanosine-5'-phosphate the formate system 
seemed less suitable, since this case there possibility using the bromine treatment which very 
revealing for this mixture nucleotides and good method for their determination. 


The resin can used for 6-8 months, and then darkens, its capacity drops, and the quality the separation 
becomes much poorer. 


The capacity the AB-16 resin considerably lower than that the anionite the type this 
because polyfunctional resin the condensation type which contains weaker primary, secondary, and 
tertiary ammonium groups. Therefore has greater buffer action,which slows the separation. However, the use 
solutions with low acid concentrations (0.01 the chloride treatment 0.1 HCOOH when using 
formate solvents) permits quantitative separation adenosine-5'-, uridine-5'-, and 
acid from their complex mixtures. 


The results chromatographic separation the nucleotides anionite AB-16 was compared with separation 
paper several solvent systems, and the guanosine-5'-phosphate fraction was detected the preparation only 
after special treatment the vapors concentrated hydrochloric acid because its small concentration 
the basis the comparison the two chromatographic methods gave satisfactory results. 


SUMMARY 


have worked out conditions for the separation,on the domestic anion-exchange resin AB-16 the 
chloride and formate form,of complex mixtures and 
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acids obtained from yeast. the first case this was carried out for preparative purposes and the isolated fractions 


were shown chromatographically pure and identified AMP, UMP, UDP, and unidentified guanosine 
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THE ROLE ENDOGENOUS CITRATE THE ELIMINATION 
POLONIUM FROM THE ORGANISM 


Safronov 


the present time has been established that the processes mineral metabolism occur with the parti- 
cipation biogenic organic compounds. Thus, among others, hydroxy- and amino acids, porphyrins, provitamins 
(pteridine, benzimidazole, etc.), bile acids, vitamins (riboflavin, etc.), purines (uric acid), nucleic acids and 
others can found among such compounds [1-5]. 


Among these metabolites which have the function binding metallic ions, there great interest citric 
acid and its salts, the 


Citrates, like free citric acid, are distributed the organism almost everywhere (except fats). They are 
found bone (70-99.5% their total content vivo), muscle tissue, tissue fluids, blood, and various organs and 
excretions [5-16]. 


The absolute content citric acid mammals rather high, reaching even hundreds grams [6]. The 
citrate balance the organism and its excretion depends endogenous factors, for example, hormonal ones. 
There are also exogenous factors which strengthen the metabolism the acid maintain this process. Thus, 
find anincreased level the acid (and citrates) the urine when the organism loaded with weak alkali 
(bicarbonates, salts organic acids), alcohol, carbohydrates, vitamins and adrenalin, parathormone, and 
uranium salts [2, 12-15, 


the other hand, decreased excretion citrate occurs with acid diets (use ammonium salts), muscle 
fatigue, and starvation [2, 12]. effect ionizing radiation has been observed the 
synthesis and breakdown native citrate [14]. 


interesting see that free citric acid its salts introduced into the organism are quickly destroyed 
distinction the endogenous form and their intake per does not cause increase stability the balance 
native citrate [12, 15]. The rapid oxidation exogenous citrate evidently reaction the organism the 
unregulated entrance substances which can injure calcium metabolism® [5]. 


this paper are not concerned with the action factors which affect the level endogenous citrate. 
Therefore only note that can act directly indirectly the tricarboxylic acid the important 
links which citric acid [22]. 


The strong complex-forming properties this acid sufficiently explain its role one the compounds which 
can transport the ions some heavy metals [2, 3-5].. These properties have been particularly well 
studied vitro where has been shown that even the insoluble simple salts citric acid with excess the 
complex former become soluble, forming double complex salts. important that many complex citrates 


The stability the acid produced the organism itself evidently explained the protective action 
carbohydrates and also its occurrence the form more stable isomer, isocitric acid [21]. 

**The molecule citric acid, known, contains three carboxyls and one hydroxy group which give the 
properties universal and also very strong complex former. the most typical note that many 
complex derivatives the acid are not destroyed oxalate and fluoride ions, which, like the acid, can effective- 
bind ions the heavy metals. 
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not show the ordinary reactions for the heavy metals which they contain (for example, they not precipitate 
proteins, not precipitate metal hydroxides when carbonates act them, etc. 


the complex salts are sufficiently stable system protein substrate, then during metabolism some 


part the metal excreted through the kidney, characteristic general for many soluble compounds 
[24, 25]. 


stable citrate their insolubility water,the mechanism excretion the 
heavy metals evidently different. 


interesting this connection compare the solubility citrates and the main path their excretion 
from the organism for some heavy metals (table). 
Solubility Water the Citrates Some Heavy Metals and One 


the Main Paths Excretion the Element from the Organism* 


Element Solubility complex Path excretion 
citrate the element 


Cobalt Soluble Preferably through the kidney 
Nickel 
Antimony 
Uranium 


Bismuth 


parenteral injection the salts the heavy metals [2, 4]. 


The facts considered here suggest that endogenous citrate can,to considerable extent,cause excretion 
polonium the urine animals poisoned it. 


the animal experiments used male rabbits weighing from 2.5 2.7 kg. The animals were kept 
special cages for collection urine and were maintained the ordinary diet the animal house. 


Over days studied the urine the rabbits for content citric acid, using the pentabromoacetone 
method [10, 11, 16]. The the acid was: for rabbit No. from 22.5 per day, No. from 
110 mg, No. from 12.9 mg, and for rabbit No. from mg. 


Rabbit No. remained the control during the entire period the experiments. Rabbit received 
parenteral polonium, 0.1 mcurie per kg. From the first the 16th day after the injection determined the 
citric acid the urine quantitatively and followed the radioactive substance. 


the figure shows, the results the analysis indicated conclusively enough direct relation between level 
excreted citric acid and amount polonium the urine. noted that the absolute content the acid 
remained for rabbit within the limits the control values. 


Rabbit No. received the same amount polonium rabbit No. The citrate and the radioactive 
element excreted the urine were determined the 12th day after beginning the experiment; analyses were 
continued for days. From figure see less clearly than the first case the direct relation between 


excretion acid and radioactive element. The total level citrate here remained normal limits, rabbit 
No. 

Rabbit No. also received 0.1 The urine this animal was studied from the 12th 
day the experiment. The results this animal agreed with the conclusions from the first two cases. However, 
interesting see that the last case the relationship described above found more clearly only from the 
12th the 20th day; analogous picture was found experiments and (Figs. Beginning the 24th 
day, the content acid the urine began rise sharply and the 32nd day the experiment reached values 
times greater than the control average (from 519.6 mg). The distinctive course the experiment with 


rabbit No. evidently related the period its life. Polonium was quickly fatal the case rabbits 
No. and which survived and longer period life they would probable have shown 
the same citrate level rabbit No. 
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citric acid 


Day experiment 


Day experiment 


log citric acid 


Day experiment 


Citric acid and polonium the urine rabbit No. (a), No. and No. 
activity urine; content citric acid daily urine. 


Thus, the preceding experiments can find the regularities the relationship between the level 
citric acid the urine and the amount polonium excreted through the kidney.* The results agree well with 

the known ability this acid form water-soluble complex derivatives heavy metals, one which polonium. 
Since these facts indicate the transport polonium ions citric acid vivo, the problem arises the use 

this property citrates hasten the process removal the radioactive element from the organism. 


Perhaps for this purpose would expedient stimulate the activity the tricarboxylic acid cycle 
which produces citrate (for example, maintaining the animal special diet using drugs, etc). 
possible that the question excretion polonium will solved more quickly the activation these endo- 
genous factors can combined with administration synthetic preparations. would desirable that these 
preparations have low toxicity and, like citric bind radioactive substances derivatives which could 
excreted through the kidney. However, distinction citric acid they should not form stable deposits, which 
would slow the process excretion the radioactive element. 


Such orienting conclusions and prospects could useful the search for removal polonium from the 
animal organism. 


SUMMARY 


have shown relation between the level native citrate and the radioactivity the urine rabbits 
poisoned polonium. This fact and also the well-known ability citric acid form water-soluble derivatives 
the heavy metals allows express our influence endogenous citrate the excretion 
polonium through the kidney. 


express thanks Belousov for scientific direction and advice this work. 


Received August 10, 1958 


Usually not less than 30% the daily amount polonium excreted the animal eliminated the urine. 
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THE CHEMICAL COMPOSITION CRYSTALLOMYCIN 


Institute for the Study New Antibiotics, Academy Medical Sciences, USSR, Moscow 


The present communication devoted study the chemical composition 


already reported [1], this antibiotic peptide with acid properties. does not contain sulfur 
chloride, easily soluble water, somewhat soluble methanol and ethanol, insoluble acetone, ether, 
and other organic The antibiotic does not have characteristic absorption the ultraviolet and 
visible parts the spectrum. 


The preparation which was submitted chemical study was recrystallized four times from 96% ethanol 
and had constant nitrogen content the micro-Dumas method), The amount amino nitrogen the 
antibiotic, determined according Tsuverkalov, was 0.97%, and formol titration, 1.04%, The equivalent, 
calculated content NH, nitrogen, 1400. When crystallomycin titrated with alcoholic KOH the neutrali- 
zation equivalent 353. Thus, the carboxyl and amino groups the antibiotic are the ratio 
explains its acid character. 


When the antibiotic hydrolyzed 105° with the amino nitrogen content rises during hours 
hydrolysis and then remains constant. Calculated the weight the antibiotic the amino nitrogen the 20- 
hour hydrolyzate reaches 11.37% both and 30-minute Van Slyke determination. The crystallomycin hydro- 
lyzate does not contain ammonia (determined according Conway). 


The amino acid composition crystallomycin was determined paper chromatography and electropho- 
resis and also chromatography cellulose column with later preparative separation the amino acids 
chemically pure form. Paper electrophoresis was carried out v/cm pyridine-acetate buffer, 5.6 
(0.4% pyridine and acetic acid water) for 1-2 hours. The fractions acid, neutral, and basic amino acids 
were eluted from the paper and their composition was determined further paper chromatography mixture 
n-butanol-acetic acid-water and 75% phenol with 0.2% without it. some cases electro- 
phoresis was combined with chromatography. Thus,we obtained full picture the amino acid composition 
one and the same sheet paper (Fig. 1). the hydrolyzate from crystallomycin the fraction neutral amino 
acids, obtained glycine, proline, valine, and unknown amino acid (Fig. 1). 


the acid fraction the amino acids with two-phase chromatography showed the presence three 
components which gave color with ninhydrin (Figure 2). One these was aspartic acid. The two other 
components differed from glutamic acid chromatographically, were contained the hydrolyzate very small 
amounts, compared the other amino acids, and were not identified. 


the fraction basic amino acids found only one component which differed value from the known 
amino acids lysine, ornithine, diaminobutyric and diaminopropionic acids (Fig. 3). 


Preparative separation the amino acids the hydrolyzate was carried out column (diameter 4.5 cm, 
height cm) with cellulose powder (250 and hydrolyzate, volume fraction 12.5 ml). the solvent 
for chromatography used overhead solution mixture n-butanol-acetic acid-water Valine, 
the unknown neutral amino acid, and the unknown base were isolated from the column individual form. As- 
partic acid, glycine, and proline were obtained pure form repeated fractional crystallization. 
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Crystallomycin 


Electrophoresis 


Chromatography 


Fig. Electrophoretogram-chromatogram crystallomycin hydrolyzate. 
Separation carried out system n-butanol-acetic acid-water. Aspar- 
tic acid; and unknown acid amino acids; glycine; acid 
Fig. Two-phase chromatography crystallomycin hydrolyzate. 
Separation carried out system n-butanol-acetic acid-water (vertical) 
and 75% phenol-0.2% (horizontal). Aspartic acid; and 
unknown acid amino acids; glycine; acid proline; 
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Table give data the elementary analysis the amino acids separated from 


Before analysis the hydrochlorides the amino acids were converted the free amino acids anion 


The chief interest after separation the amino acids lay the unknown amino acids. analysis 
showed, the unknown neutral amino acid had the formula (Table 1). The equivalent weight, calculated 
the nitrogen content, was 125.4, the neutralization equivalent after titration alcoholic KOH was 138. The 
total nitrogen this acid was determined according the 5-minute Van Slyke method amino nitrogen. From 
comparison the results follows that the ratio amino and carboxyl groups the acid 1:1. The empirical 
formula the neutral acid differs from the formula for leucine only two hydrogen atoms (leucine 
The acid saturated compound, since does not decolorize bromine permanganate solutions. The ninhydrin 
complex the neutral amino acid did not react with copper salts. The absorption maximum the ninhydrin 
complex was not changed adding copper salt and remained 560 while for other amino acids shifted 
530 


The unknown basic amino acid has the formula (Table 1). saturated compound and can 
obtained asa monohydrochloride and the free form. The neutralization equivalent the free acid 156; 
titration the hydrochloride the equivalent half The equivalents calculated content 
total and amino nitrogen are,respectively,80.5 and 81. Thus, this acid diaminomonocarboxylic acid. 


Quantitative data the amino acid crystallomycin was obtained paper chromatography 
the hydrolyzate parallel with control solution amino acids. The chromatogram was brought out with 0.5% 
solution ninhydrin acetone with heat. The colored spots amino acids were eluted with 0.005% CuSO, 
solution methanol. The concentration the solutions was determined spectrophotometrically 530 mp. 
Table give the percent content and probable amount amino acid residues crystallomycin. From the 
data the table follows that the molecular weight the antibiotic the order 4000. 


study the amino acids crystallomycin D-amino acid showed that the unknown basic 
acid occurred the D-form and was 40-60% oxidized, while the other amino acids had the L-form. 


TABLE 


Quantitative Amino Acid Composition Crystallomycin 


Amino acid Content, Equivalent Probable Probable 
crystal- number molecular 
lomycin residues weight 


Aspartic acid 26.3 


Valine 8.23 
Glycine 11.41 
acid, mol. wt. 129 8.48 
acid, mol. wt. 158 17.9 


Besides the amino acids the crystallomycin hydrolyzate noted nitrogen-free component separated 
from the antibiotic acid hydrolysis after half hour the amount about 13% the weight the anti- 
biotic. could removed from the acid hydrolyzate butanol and petroleum ether, and from these solvents 
easily passed into NaOH solution, which indicates its acid nature. The acid was distilled vacuum and 
appeared liquid, soluble alcohol, ether, acetone, and NaOH solution, and insoluble water and 
The Benedict and Tollens reactions were negative; solution and KMnQg solution were 
not decolorized, which shows the saturated character the compound. 


*The analyses were carried out Yurina (Institute for the Study New Antibiotics AMN, SSSR). 
The study was carried out Kudinov (Institute for the Study New Antibiotics, AMN, SSSR). 
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Fig. chromatogram the amino acid hydrolyzate amphomycin. 
Separation carried out system n-butanol-acetic acid-water (vertical); 75% 
phenol-0.2% (horizontal). Aspartic acid; and unknown acid amino 


TABLE 


Comparison the Amino Acid Composition Crystallomycin 
and Amphomycin 


Extinction 530 Calculated 38.25 Hydrolyzed Anti- 
biotics 


Experiment Experiment 


Amino acid crystal- ampho- crystal- 
lomycin mycin lomycin 


mycin 


Aspartic acid 
cine 


0,191 0,217 0,201 0,218 
mol. wt. 
158 0,101 0,102 0,107 0,105 


The antibiotic its general chemical characteristics and method separation,is very 
close amphomycin, isolated 1953 Heinemann and co-workers the USA [2]. 1957 Giolitti and co- 
workers [3] published work which they also gave some data the amino acid composition amphomycin. 
January, 1958, after had obtained sample amphomycin from the USA made comparative study 
and quantitative amino acid composition both antibiotics. showed that qualitative 
composition both antibiotics were exactly the same (Figs. 4). The fatty acids both antibiotics also did not 
differ from each other when their hydrazones were compared chromatographically. the 
quantitative composition, the percent content each amino acid amphomycin was not determined, but 
chromatographic study was made the hydrolyzates both antibiotics taken the same concentration and 
parallel determinations the absorption 530 the copper complexes the ninhydrin derivatives the 
amino acids after elution from the run (Table 3). The results determination three amino acids 
showed that the quantitative composition both antibiotics was very similar. 
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the hydrolyzate from amphomycin also detected D-amino nitrogen using D-amino acid oxidase. 


Thus, comparative study crystallomycin and amphomycin has showed that these antibiotics are very 
similar and, perhaps, identical. However, now the chemical composition amphomycin has not been 
described and our work the first this direction. 


SUMMARY 


the composition crystallomycin have detected the following amino acids: glycine, proline, valine, 
aspartic acid, monoamino-monocarboxylic acid, and unknown diaminomonocarboxylic 
acid, 


Aside from the amino acids, the crystallomycin hydrolyzate contains nitrogen-free saturated aliphatic 
acid. 


Determination the quantitative amino acid composition crystallomycin has been carried out. The 
molecular weight the the order 4000. 


amino acid composition crystallomycin close and perhaps identical with the amphomycin, 
obtained the USA Heinemann and co-workers. 


Received July 31, 1958 
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SIMPLE METHOD FOR THE PURIFICATION TOBACCO 
MOSAIC VIRUS 


Nikiforova 


Institute Genetics, Academy Sciences, USSR, Moscow 


The present methods for the purification tobacco mosaic virus include the following basic steps: 1)extraction 
the virus ground plant material weakly alkaline buffer, removal the cell residues centrifuging 
filtering the juice through paper filter, purification the virus from the cell proteins and pigments, and, 
finally, precipitation the virus ammonium sulfate saturated). 


The chief difficulty which encountered purification the virus the removal from the virus prep- 
aration the cell proteins and pigments. 


Stanley [1] first isolated tobacco mosaic virus crystalline form; freed the virus from cell proteins 
adsorbing the virus earth and later eluting it. The final purification was carried out 
ing the virus ammonium sulfate. The methods Ryzhkov [2] and Gorodskaya [3] are based this principle. 
the first benzoate used the adsorbent, the second, rivanol. 


For purification the virus from pigments, Ryzhkov uses carbalene amounts from one four percent, 
depending the amount impurities the preparation. 


Best [4] and Bawden [5] purified the virus from cell proteins precipitating the virus the isoelectric point 
(pH 3.3) with later elution the virus. For best purification, the procedure precipitation and elution was 
repeated several times. 


have worked out method which purification the virus from cell proteins and pigments first 
carried out washing the virus precipitate with solution ammonium sulfate and then dialyzing against tap 
water. 


This method was used with great success permit purification the virus,either from one leaf with mosaic 
disease, from several liters juice. The simplicity the method permits rapid purification with small labor 
and gives short time large amount purified virus. 


METHOD 


Any desired amount large plants were ground meat grinder. The resulting paste was squeezed 
through gauze. The remaining pulp still contained large amount virus. Therefore, order increase the 
yield virus, the pulp was treated with water and the water extract was combined with the juice obtained 
previously. The volume liquid was measured and for precipitation the proteins crystalline ammonium sul- 
fate was added obtain 20% concentration the salt the given volume liquid. After 
this, when the protein had precipitated, the supernatant liquid was poured off and the flocculent precipitate 
was transferred pleated filter paper. 


order hasten the purification the virus, not recommend filling the filter twice, since the 
thick precipitate the walls the filter greatly slows the filtration process. 
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The filtrate was dark-brown liquid and was discarded; the consisted cellular material 
and virus was treated the same filter paper with solution ammonium sulfate (10-20%). 


order that the virus well washed, found was usually enough fill the filter twice with ammonium 


sulfate solution. the liquid which came through the filter was then still light-brown color the washing was 
continued until the filtrate became colorless. 


The wash solution ammonium sulfate was discarded and the precipitate the same filter was treated 
with water. The virus, easily soluble water, passed into the filtrate. The filtrate was treated with crystalline 
ammonium sulfate until precipitation the virus began (first salting out). The beginning salting out was 
easy recognize the silky glitter shaking the solution; this came from formation virus crystals. The 
resulting virus preparation could kept for long time ammonium sulfate room temperature, practically 
without loss its ability cause infection. However, such preparation still contained cell proteins. order 
free the virus from cell proteins, submitted the virus preparation, after the first salting out,to dialysis against 
running tap water. the end the dialysis (test with BaCl,) the precipitated protein was filtered and the filtrate 
was used for the work. necessary keep the resulting virus preparation, should again precipitated 
with ammonium sulfate (second salting out). 


should noted that the degree purification the virus from cell proteins dialysis depended the 
period keeping the virus ammonium sulfate; the more the cell proteins precipitate, the purer the virus prep~ 
aration. With longer periods keeping the virus the ammonium degree purification the virus 
from the cell proteins will depend both the different strains virus (one strain virus easier purify, another 
more difficult), and the plant material (virus from young leaves easier purify than that from old ones). 


have noted that keeping the virus ammonium sulfate for four days does not affect the degree its 
purification from cell proteins. With longer periods keeping the virus ammonium sulfate puri- 
fication becomes worse. recommend that the virus obtained salting out should submitted 
dialysis not later than four days after its precipitation ammonium sulfate. 


for any reason the precipitate virus cannot dialyzed the proper time and the water preparation 
virus after dialysis not perfectly pure, then should frozen. The protein which precipitates with thawing 
filtered. Removal the cell proteins which remain after dialysis can also carried out recrystallization. 


However, should noted that either freezing number fine virus particles 
increased and the infectivity the preparation falls. 


have compared the quantitative yield the virus purified this method with that the method 
Ryzhkov and Gromyko [2] which widely used Soviet virological practice. 


For this purpose divided two liters juice into two equal parts and ran purifications the virus 
the two processes. The yield virus the simplified process, judging from the volume precipitate 
salted-out virus, was five times greater than the process Ryzhkov and Gromyko. For comparison the titer 
the two virus preparations took for dialysis equal number milliliters virus precipitate. the end 
dialysis the water solutions the virus were made equal volume and after dilution 2,100 and 10,000 times, 
were compared the virus titer the method determining necrosis half the leaves Nicotiana glutinosa. 
Each variant was compared per ten leaves and gave the following results. 


Dilution 1:2 1:100 1:10,000 
our method 188 105 


No. necroses obtained from the preparations obtained 


The results the comparison show that the activity the virus preparations all the dilutions studied 
was higher the case virus purified the simplified method. 
SUMMARY 


have described simplified process for obtaining active preparation tobacco mosaic virus, 
which purification the virus from cell proteins and pigments carried out washing the virus precipitate with 
solution ammonium sulfate and also dialysis. 


Received October 17, 1958 
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STUDY THE N-THERMAL GROUPS ORYZENIN FROM 


ZERAVSHANIKA 2586 RICE 


Chemistry Department, Leningrad Institute Soviet Trade 


Oryzenin, the alkali-soluble protein rice, has been isolated our laboratory Prokhorova [1], who 
examined its amino acid composition. The object the present research was identify the N-terminal amino 
acids, using fluorodinitrobenzene method [2]. 


EXPERIMENTAL 


The derivative oryzenin (DNP-oryzenin) was prepared the usual way [2]. The DNP- 
oryzenin was then subjected acid hydrolysis. After elimination excess hydrochloric acid, the hydrolyzate 
was extracted with ether. The ether- and water-soluble DNP-amino acids were subjected chromatographic 
analysis paper, using theee different solvent systems: aqueous solutions sodium citrate and sodium 
phosphate, different buffer strengths, water-saturated phenol, and modified toluene mixture resembling that 
Biserte and Osteux [3]. 


Chromatograms the Ether-Soluble Fraction DNP-Oryzenin Hydrolyzates 
Development with aqueous solutions. Table shows the results obtained development with aqueous 

TABLE 

Values Found for DNP-Derivatives Chromatograms Developed with Aqueous 


Solvents Different 
The boxed-in values refer the values the spots Fig. 


Spots given 


Solvent pheny]- line 


Mean 0,27 


0,68 0,78 0,63 0,28 
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Fig. Chromatogram the ether-soluble 
fraction DNP-oryzenin hydrolyzate. 
Solvent: sodium phosphate, DNP-deriv- 
atives: oryzenin, cystine, glycine, 
phenylalanine, threonine, dinitro- 
phenol. and III discussed text. 


After treatment witl: 


After treatment with 


Fig. Chromatogram the ether- 
soluble fraction DNP-oryzenin 
hydrolyzate. 

Solvent: water-saturated phenol. 
DNP-derivatives: oryzenin, 

and III discussed text. 


appears from Table and Fig. that the ether-soluble 
fraction DNP-oryzenin hydrolyzate gives three spots 
the chromatogram: spot 0.27), very diffuse, 
moving together with dinitroaniline; spot 0.59), 
which moves roughly level with the DNP-cystine spot 
(R¢ 0.56) and the DNP-glycine spot 0.64), and 
also with the dinitrophenol spot 0.63); this spot 
decolorized the action hydrochloric acid, whereas 
the yellow spots due DNP-oryzenin hydrolysis products 
and DNP-amino acids retain their color, but become 
much smaller; spot 0.68), very faintly colored, 
running the same rate the DNP-phenylalanine spot 
0.68). The DNP-threonine spot 0.78) situated 
below the lowest spot given the DNP-oryzenin hydro- 
lyzate. 


The presence dinitroaniline and dinitrophenol 
DNP-protein hydrolyzates interferes with the separation 
the spots, and for this reason the only definite conclu- 
sions which can drawn from the chromatograms using 
citrate solvent are that spot due dinitroaniline, 
spot II, which runs together with dinitrophenol, due 
either DNP-cystine DNP-glycine, and the very 
faint spot III due the DNP-phenylalanine. DNP- 
threonine does not appear present DNP-oryzenin 
hydrolyzate. 


Development with water-saturated phenol. Two 
series experiments were performed (32 experiments). 
The results the second series are presented Table 
and Fig. 


With water-saturated phenol, DNP-oryzenin gives 
three spots: spot runs together with dinitro- 
phenol 0.53), and decolorized treatment with 
hydrochloric acid. DNP-cystine 0.64) and DNP- 
glycine spots 0.71) run together with spot 
DNP-oryzenin hydrolyzate 0.68). 


Although spot III the DNP-oryzenin hydrolyzate 
0.89) runs rate very close that DNP- 
phenylalanine 0.88), the presence dinitroaniline 
0.9-0.95) the hydrolyzate, which was clearly 
evident the chromatograms run with aqueous solvents, 
and which runs close spot III the DNP-oryzenin 
hydrolyzates almost the solvent front, makes 
impossible state that DNP-phenylalanine definitely 
present the hydrolyzate. 


Development DNP-oryzenin hydrolyzate with 
toluene mixture (toluene pyridine ethylene mono- 
0.8 ammonia, the proportions 1:1: 
volumes). 


This solvent mixture has some very special proper- 
ties. Due the volatility its components,the rate 
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TABLE 


Values Found for DNP-Derivatives Chromatograms Developed with Water- 
Saturated Phenol Solvent 


NP-oryzenin 
olyzate 


0,9—0,95 


| 


w 
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0,71 0,88 0,53 


TABLE 


Values Found for Chromatograms Developed with Toluene 
Mixture 


Distance Spots given DNP- 
traveled hydrolyzate Dinitro} Dinitro- 
aniline 


134—140 
160— 166 


0,41 0,55 
0,66 0,40 
0,61 


0,79 


0,53 


0,53 


80—85 

170—172 


0,39 
0,45 
0,42 


Mean 0,47 


0,60 0,30 0,50 


movement the DNP-amino acid spots varies considerably with changes the environmental temperature and 
other conditions, that DNP-amino acid spot may slow-moving one chromatogram, and fast-moving 
another. 


Thus,a DNP-protein hydrolyzate spot may remain the starting point one chromatogram, almost 
the solvent front another, but either case the reference spots the corresponding amino acids will run 
the same rate. 


The individual DNP-amino acids cannot identified from their values with this solvent system, since 
these vary for each chromatogram, but for each individual chromatogram satisfactory correspondence found 
between the values the reference DNP-amino acid spots and those given the hydrolyzate. 
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After treatment with HCl 


Fig. Chromatogram the ether-soluble 
fraction DNP-oryzenin hydrolyzate. 
toluene mixture. DNP-derivatives: 
oryzenin, cystine, glycine, phenyl- 
alanine, threonine, dinitroaniline. II, 
III, and discussed text. 


Two series experiments (36 experiments) were 
performed. The results the second series are presented 
Table and Fig. 


appears from these that when developed with 
toluene solvent, DNP-oryzenin hydrolyzate gives three, 
and sometimes four, spots. Spot 0.35) corresponds 
with that due (Rf 0.35), DNP-threonine 
runs about the same rate 0.30), but chromatography 
with aqueous solutions showed that the DNP-threonine spot 
ran much faster than any the spots developed from 
DNP-oryzenin hydrolyzate. Spot 0.47) the 
hydrolyzate ran about the same rate DNP cystine 
0.50) and dinitrophenol 0.50); disappeared 
when the chromatograms were treated with hydrochloric 


Spot III DNP-oryzenin hydrolyzate was very 
faint, and did not show all the chromatograms; its 
Spot 0.91) ran close the solvent front, and 
due dinitroaniline 0.92), the presence which 
DNP-oryzenin hydrolyzate was also demonstrated with 
other solvent systems. 


Chromatographic Analysis the Water-Soluble Fraction DNP-Oryzenin Hydroly- 


zate 


The bright-yellow aqueous residue from extraction 
chromatographic analysis. 


TABLE 


ether-soluble DNP-amino acids was subjected 


Solvent 


Aqueous sodium 


Mean 


Water-saturated 
phenol 


Mean 


Toluene mixture 


Dinitro- 


Elongated 


the upper 
parts the 


chromatograms 


0,53 
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Fig. Chromatograms the water-soluble fraction 
DNP-oryzenin hydrolyzates. 

Solvent systems: sodium citrate, water-saturated 
phenol; toluene mixture. DNP-oryzenin; mono-DNP- 
lysine; bis-DNP-histidine; dinitrophenol. 


Three series experiments (24 experiments) were performed with aqueous solvent systems, two series with 
water-saturated phenol solvent (22 experiments), and two series (13 experiments) with toluene With all 
the solvent systems DNP-oryzenin hydrolyzate gave only single distinct spot, short chromatograms. For its 
identification applied reference spots water-soluble DNP-amino acids (mono-DNP-lysine and bis- DNP- 
histidine) and dinitrophenol and dinitroaniline, which could have been formed during the acid hydrolysis the 
The results obtained are presented Table Figure illustrates the chromatograms, and 
amplifies the data Fig. 


The absence dinitrophenol from the water-soluble fraction DNP-oryzenin hydrolyzate clearly shown 
the data Table and Fig. since the values aqueous solvents (0.62) and phenol (0.54) 


are much lower than those found for the hydrolyzate (0,70 and 0.81, respectively, while toluene solvent the 
value dinitrophenol (0.71) greater than that the hydrolyzate spot (0.50). Apart from this evidence, 
known that the dinitrophenol spot decolorized hydrochloric acid treatment whereas thé hydrolyzate spot 
retains its color. 


The presence dinitroaniline the water-soluble fraction DNP-oryzenin hydrolyzate can also 
excluded; evident from the data Table that the values dinitroaniline phenol (0.9-0.95) and 
toluene mixture (0.92) differ from those found for the hydrolyzate these two solvents (Rf 0.81 and 0.53, res- 
pectively). may concluded that and dinitroaniline pass completely into the ether layer 
during extraction. 


Comparison the rates movement the hydrolyzate spot with that bis-DNP-histidine shows that 
the latter remains stationary aqueous solvents 0), but that moves much faster phenol 0.94) and 
toluene mixture 0.79) than does the hydrolyzate spot. 


Thus only mono-DNP-lysine runs the same rate the spot given the water-soluble fraction, all 
the solvent systems, The presence mono-DNP-lysine the hydrolyzate was confirmed spraying with 
ninhydrin, when both the reference spot mono-DNP-lysine and the hydrolyzate spot assume brown coloration, 
while the other spots did not change color. 


Hence N-terminal amino acids are absent from the water-soluble fraction DNP-oryzenin hydrolyzate. 


may concluded from the results chromatographic analysis the ether- and water-soluble fractions 
DNP-oryzenin hydrolyzate, developed three different types solvent systems, that the N-terminal amino 
acids oryzenin extracted from Zeravshanika 2586 rice are represented chiefly glycine, with small ad- 
mixture phenylalanine. 
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SUMMARY 


The N-terminal amino acids oryzenin prepared from Zeravshanika 2586 rice have been labeled with the 
aid fluorodinitrobenzene, and the labeled amino acids the protein hydrolyzate have been identified chroma- 
tographic 


has been found that the N-terminal amino acids are largely glycine, with small amount phenyl- 
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EFFECT y-IRRADIATION SOLUTIONS HEMOGLOBIN 


Oppel’ 


Laboratory Biochemistry, Department Military Labor, 
Kirov Order Lenin Military Medical Academy, Leningrad 


The study the effects penetrating radiation proteins merits particular attention, for the purpose 
elucidating the mechanism development radiation sickness. 


[1] examined the changes proceeding the macromolecular structure irradiated proteins, 
which were initiated their denaturation, involving disruption hydrogen bridges between neighboring poly- 
peptide chains and formation disulfide bridges between them, and this rapidly followed secondary 
association denatured chains give more complex macromolecules, which have, however, largely lost the 
biological specificity the original The initial, denaturing stage the process particularly well 
demonstrated the enhancement incorporation radioactive methionine into irradiated proteins [1]. 
number authors have found that the aggregative process associated with fall solubility irradiated 
proteins [2, 3], and with appearance progressive rise the content large molecules, with simultaneous 
leveling down the sedimentation peak given ultracentrifugation the initial protein [4, 7], with the 
appearance new components the chromatograms [6], with rise the viscosity the solutions [1, 7], with 
loss capacity for unlimited imbibition (in the case irradiated gelatin) [2], and with the appearance 
solutions globular proteins flow birefringence [8]. 


Irradiation, however, also causes more subtle changes the structure protein molecules. Evidence 
this given the changes optical density irradiated proteins the ultraviolet region [1-3, 10], which 
appear due oxidation aromatic amino acids the protein chains, and changes the peptide links 
6]. 


Irradiation causes deamination proteins, and free amino acids are also deaminated, with production 
aldehydes [9, 11]. the same time the binding capacity proteins for acetic dyes falls, while that for copper 
ions rises [9]. Hydrolysis irradiated serum albumin, followed chromatographic analysis the hydrolyzate, 
shows considerable fall the content certain the amino acids, particularly glycine, alanine and glutamic 
acid (30% reduction), well lysine, threonine, tyrosine and isoleucine, from There 
evidence heightened susceptibility proteins proteins enzymatic proteolysis following irradiation [1, 12, 
13]. 


the present paper report the results investigation into the effects hemoglobin 
solutions. There are very few literature references this subject [10] (and these are devoted mainly changes 
the prosthetic group the protein), although changes the hemoglobin content the blood irradiated animals 
constitute one the characteristic features radiation sickness. 


METHODS 


Experimental materials. Dialyzed solutions crystalline hemoglobin (dog horse), prepared from fresh 
oxalated blood, were used the experiments. some cases the hemoglobin was recrystallized. For certain 
the experiments used human serum albumin, whith was readily soluble dilute sodium chloride solutions, 
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and which was electrophoretically homogeneous.* irradiated 1-3% solutions hemoglobin and 
solution albumin. 


The solutions, contained cuvette, were raised into the tube GUT-Co-400 appa- 
ratus containing radioactive Co™, where they were left usually for hrs. The amount radiant energy absorbed 
was not measured directly. Its amount was calculated from the approximate formula: 


the distance from the radiation source the outlet the tube, the distance the level the protein 
solutions, and time exposure min. The value changes with time. found that fell during 
year from corresponding correction factor was accordingly introduced into the formula. 


The amount y-radiation absorbed the protein solutions usually varied within the range 300-400 
The extreme values, achieved varying the depth the level the outlet tube, ranged from 174 


Digestion with pepsin. Irradiated and control solutions hemoglobin, which had been prepared the same 
time, and kept under identical temperature conditions, were digested with used 1-2% solutions 
involving determination tyrosine the digest), and also albumin. Samples were taken intervals during 
the digestion, and trichloroacetic acid (TCA) was added final concentration 0.78 


The progress proteolysis was followed either from the increase total content the TCA filtrate, 
determined modification Conway's method, tyrosine content the filtrate, determined Anson's 
method. used FEK-M photocolorimeter. 


Bacteriological testing the irradiated and control hemoglobin solutions was done inoculation sugar 
broth and sugar and revealed slight microbial contamination most cases. For this reason per- 
formed series experiments under aseptic conditions: the protein solutions were passed through Seitz filter 
into sterile container, and were irradiated under sterile conditions. 


Chromatography. Ethanol was added the irradiated and control solutions hemoglobin, final con- 
centration 62%, the mixture was heated boiling steam bath, filtered, and the filtrates were evaporated 
dryness steam bath, the residues were dissolved small volume 2:1 ethanol 0.1 mixture, 
and the solutions were taken for two-dimensional chromatography. 


some the experiments the protein precipitate left the filter was air-dried, and then further dried 
desiccator over The dry protein was dissolved concentrated and the solutions were taken 
into capillary tubes, which were sealed and heated 120° for After elimination from the 
hydrolyzates they were taken for chromatography. 


The material contained some the spots found chromatograms the above alcoholic filtrates was 
collected [15], eluted, and hydrolyzed capillaries with concentrated and the hydrolyzates were subjected 
two- and one-dimensional chromatography. 


The solvent system used for one-dimensional chromatography was 25: N-butanol acetic acid 
water mixture, which was also used for one direction two-dimensional chromatography, one the following 
two systems being used for the other direction: ethanol water and phenol 
0.1% The chromatograms were sprayed with 0.2% ninhydrin solution, followed heating briefly 90°. 


The preparation dry albumin was kindly supplied Tukachinskii the Leningrad Blood Transfusion 
Institute. 


The experiments involving irradiation were performed the Radiological Cabinet the Military Medical 
Academy. 
The same commercial preparation pepsin was used our previous experiments 15]. 


**** These tests were kindly performed members the staff the Department Microbiology the Military 
Medical Academy. 
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Electrophoresis Irradiated and Nonirradiated Hemoglobin 


The Mobilities are Expressed Traveled Hemoglobin from the 
Starting Point 


£4 


‘ | 2 
310 260 1,8 3,30 
Paper electrophoresis was performed the method Kunkel and Tiselius, fast chromatography paper. 
Spots irradiated and solutions hemoglobin were placed the middle the paper strips, side 
side. most the experiments the ionic strength the buffer solutions was 0.10, while the was varied 
different experiments from 3.5 The strength current used different experiments varied from 1.0 
4.4 ma, and the potential from 260 430 the duration electrophoresis was from hr. view 
the distinct coloration the hemoglobin spots the electrophoretograms were not stained additionally. Additional 
staining with ninhydrin (polypeptides did not reveal any additional spots. 
EXPERIMENTAL RESULTS 
The results the electrophoretic study the irradiated and control solutions hemoglobin, presented 
Table 1,do not reveal any differences between the electrophoretic mobility irradiated and nonirradiated hemo- 
globins. This accordance with the findings Barron and Finkelstein [7] for irradiated solutions serum 
albumin, and correspondence with the results quantitative chromatographic analysis the amino acid 


components irradiated serum albumin. Barron and Johnson's analyses [10] showed that the fall its lysine 
content compensated fall glutamic acid content. 


The chromatograms given the hydrolyzates irradiated hemoglobin show the same amino acid spots 
those hydrolyzates nonirradiated protein (Fig. 1). Hydrolysis carried out under drastic conditions (con- 
centrated and hydrolysis) gave the same results did the use milder conditions 


few experiments alkaline hydrolyzates similarly gave identical results for irradiated and nonirradiated 
substrates. 


Khenokh and Lapinskaya [16] found that irradiation amino acid solutions gave rise degradation products, 
which gave additional spots the chromatograms. Changes the absorption spectrum proteins following 
10] gave support the view that transformations (probably oxidative) their constituent aromatic 
amino acids had taken place. Our experiments did not reveal any new spots the chromatograms the hydrolyzates 
irradiated hemoglobin. This finding does not, course, exclude the possibility that amino acid degradation 
products not giving color reaction with ninhydrin might have been formed. Such products could arise 
tion amino acids, but only the latter were not combinations peptides. 


Peptic proteolysis irradiated and nonirradiated hemoglobin acid medium was taken for the study 
susceptibility enzyme action. Owing the denaturing effect 0.06-0.1 the conditions proteolysis 
were practically the same for the control and the irradiated protein. found small, but definite excess 
nonprecipitable nitrogen the peptolyzates from irradiated hemoglobin, compared with controls. 


Pi 


Fig. Chromatograms nonirradiated (A) and irradiated 
(B) horse hemoglobin, separated from low molecular weight 
admixtures precipitation from 62% ethanol. 

Hydrolyzed from Upper row: solvent the 
vertical direction water (20: 

Lower row: vertical, water-saturated 
phenol 0.1% horizontal, 

methionine, tyrosine, proline, alanine, threo- 
nine, glycine, 10) serine, 11) glutamic acid, 12) aspartic 
acid, 13) histidine, 14) arginine, 15) lysine, 16) cystine. 


evident from inspection Fig. that the two curves run parallel each other. 


Extrapolation back zero time shows that the initial content nitrogenous compounds low molecular 


weight was higher the irradiated than the nonirradiated solutions, but that the rate enzymatic proteolysis 
was the same both cases. 


These experiments show that irradiation associated with liberation small amounts nitrogenous products 
low molecular weight. was interest ascertain whether these products are formed from transformations 
the pyrrole rings the prosthetic group hemoglobin (evidence the profound action which the penetra- 


ting radiation afforded spectrographic data), whether they are detached fragments the polypeptide chain 
globin. 


order resolve this question, our next series experiments followed the progress peptic 
tion measuring the increase the content tyrosine. Here, too, found difference be- 


tween the initial values for irradiated and nonirradiated hemoglobin. before, the two curves run parallel 
(Fig. 3A). 
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five the experiments passed the hemo- 
globin solution through Seitz filter, before irradiating 


it. The control solutions were also kept under aseptic 
020 conditions. The irradiated and control solutions were then 
018 digested with pepsin. this, the preceding series 
experiments the tyrosine content was slightly 
higher the irradiated than the control solutions. The 
rate proteolysis was the same both cases (Fig. 3B). 
The results our experiments the peptic diges- 
010 tion irradiated hemoglobin conflict with those 
Epshtein and Zabolzaeva [12, 13], who studied the peptic 
digestion serum albumin. These authors found that the 
irradiated protein was much more quickly digested. 


Experiments the irradiation serum albumin 
solutions were undertaken, with the object elucidating 
100 120 min the reasons for this difference between our results and 


those these authors. 


Fig. Production nitrogen com- 


pounds not precipitable with TCA Experiments carried out under aseptic conditions 

(the freshly prepared serum albumin solutions were passed 
uring peptic digestion irradiated (1) Seitz fil 

and nonirradiated (2) hemoglobin. through Seitz filters) showed that the proteolysis curves, 


based tyrosine determinations, run parallel each 
other. The difference between the tyrosine contents 
the filtrates from the irradiated and control solutions 
albumin was much smaller than the above-described 
experiments hemoglobin, and only just exceeds the experimental error the method (Table 


The points the curves are the mean 
values parallel experiments. 


were thus unable confirm Epshtein and Zabolzaeva's findings that irradiated albumin more readily 
attacked pepsin than the nonirradiated protein. 


Tyrosine, mg/100 


Fig. Rate increase tyrosine during peptide 
digestion irradiated (1) and nonirradiated (2) hemoglobin. 

Curves representing mean results parallel experiments, 
without aseptic precautions; curves representing mean results 
experiments, with aseptic precautions. 


Our findings suggest that causes the detachment from the hemoglobin molecule small 
amounts low molecular weight substances, and that least some these substances are fragments peptide 
chains. attempted apply chromatographic analysis the identification the peptides (or amino acids) 
present the filtrates from precipitation the protein solutions (irradiated and nonirradiated hemoglobin). 
Instead precipitating the proteins with 0.78 added ethanol final concentration 62%, and 


then heated boiling water bath. Preliminary experiments showed that identification chromatograms 
were obtained irrespective the deproteinization procedure applied. 
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TABLE 


Peptic Digestion Serum Albumin (as proteolyzate tyrosine per 100 
albumin solution incubated with pepsin 38.7-40°, and treated with 0.78 MTCA 


Dose radiation 383-391 


Irradiated albumin 


Control albumin 


Duration digestion, min 


Examples Chromatographic Experiments Filtrates Alcohol-Precipitated Ir- 
radiated and Control (stored 0°) Hemoglobin Solutions 
values: the numerators the fractions represent the values found the system 
n-butanol the denominator the values are for the system 

ethanol— 


Irradia- 
ted 


Control 


Irradia- 


0,12/0,23 


Control Irradia- 


0,04/0,19 0,25 
0,13,0,14 


Control 


Irradia- 
ted 


Control 


our first series experiments the control solution hemoglobin was kept refrigerator during irradiation 
the test solution. Under these conditions, the number spots showing the chromatograms the filtrates 
from the irradiated solutions greatly exceeded that from the control solutions (Table 3). 


far more complex picture was obtained, however, when the control solutions were, similarly the ir- 
radiated ones, kept room temperature. such experiments, gave larger number spots than did the 
control hemoglobin solutions, gave the same number, and gave smalier number. Conducting the experi- 
ments under aseptic conditions (Table did not materially affect the results. 


These observations give the impression the presence processes autolytic degradation, taking place 
very slowly hemoglobin solutions kept room temperature. 


Irraidation introduces either quantitative qualitative changes into the chromatograms. 


The quantitative changes were manifested two ways. some the chromatograms control hemo- 
globin solutions spots which were evident the chromatograms irradiated solutions appeared only the day 
following spraying with ninhydrin and heating 90°. example this presented Table other cases 
the size spots the chromatogram irradiated hemoglobin was greater than for the control solutions. 
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solutions (Fig. 4). 


Room Temperature 


values: the numerators the fractions represent the values found 
the system n-butanol acetic H,O; the denominators give the 
values the system n-butanol The figures 
parentheses refer spots which did not appear until the day after 
spraying with ninhydrin and heating 90° 


Fig. Chromatograms filtrates alcohol-precipitated solutions (A) 


conditions 


control 


,40) 


Examples Chromatographic Experiments Filtrates Alcohol- 
Precipitated Irradiated and Control Solutions Hemoglobin, Kept 


Sterile conditions 


0,23,0,33 


control 


,35. 


nonirradiated and (B) irradiated horse hemoglobin. 


Qualitative differences between the low molecular weight products present irradiated and control 
hemoglobin solutions were encountered experiments. were not, however, able distinguish any 
spots which appeared, the basis their values, specifically peculiar irradiated solutions. did, 
however, perceive certain tendency towards development spots high values hemoglobin 
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Thus our experiments did not establish whether hemoglobin leads the formation 
specific peptides, the toxic effects which could investigated. Further work, involving combination 
column and paper chromatography, with low-temperature irradiation hemoglobin, may lead the isolation 
specific peptides, much the same way peptide possessing pressor activity was isolated from hemoglobin 
solutions after very brief exposure the action pepsin [17]. 


were not able, the use chromatographic techniques, establish the presence irradiated hemo- 
globin solutions any specific peptides. Some the peptides isolated from the filtrates 
irradiated hemoglobin solutions had the following amino acid composition: 


Val. Ala. Gly. Arg. 
Phe. Gly. Ala. Gly. Asp. Lys. 
Phe. Gly. Thr, Ser. Ala. Glu. 

Thr. Ala. Gly. Thr. Glu. Gly. Lys. 


Apart from these peptides, some the chromatograms showed the presence spots due the free amino 
acids leucine and glycine. 


DISCUSSION RESULTS 


Our experimental findings showed that exposure large doses -radiation hemoglobin solutions 
associated with detachment from the peptide chain the protein small amounts low molecular weight 
peptide fragments. 


This effect not due the action bacterial proteinases, also found when the experiments are 
conducted under sterile conditions. Formation such peptides also took place, although smaller degree, 
nonirradiated hemoglobin solutions kept room temperature; this appears due very slow autolytic 
process. Such autolysis was also encountered sterile solutions serum albumin. 


thus consider that the rupture peptide bonds the protein chain hemoglobin the action 
-rays may taken established. The formation any specific peptides which might some way 
implicated the causation the complex symptomology radiation sickness has not, however, yet been 
established. Such specificity would the more probable were possible detect oxidized amino acid 
residues the irradiated protein molecules. were not, however, able detect such residues irradiated 
hemoglobin hemolyzates. 


The weakening the 278 absorption band hemoglobin following irradiation, contrast the rise 
absorption this frequency usually found when proteins are irradiated [10], may taken evidence the 
absence oxidation tyrosine residues present the peptide chain the given protein. 


Certain contradications between our findings and those Khenokh and Lapinskaya [16], who found degra- 
dation products tyrosine and phenylalanine irradiated solutions these amino acids, may explained 
being due protection these amino acids when they are present constituent units the polypeptide chain 
proteins [18]. The way which this protective effect operates may resemble that whereby proteins confer 
stability either case the (in our case, aromatic amino acid residues) shield- 
large number other groups which react with free radicals formed the action the radiation 
water. The possibility transfer electrons along the polypeptide chain the protein molecule also arises, 
thus preventing any more profound oxidative changes the individual aromatic amino acid residues [18, 20]. 


have pointed out, the absence any appreciable difference between the electrophoretic mobilities 
irradiated and nonirradiated hemoglobin conformity with the results electrophoresis irradiated serum 
evident that considerable change can have taken place the overall charge the 
notwithstanding any deamination processes which may have occurred. probable that these deaminations are 
quantitatively inconsiderable, may concluded from the absence any significant diminution the 
group nitrogen content the material [1]. 


Nor did our experiments provide any evidence any increase the rate peptic proteolysis hemo- 
globin and albumin following their irradiation. This result was not unexpected, view the absence from the 
molecules irradiated protein oxidized aromatic and aliphatic amino acids, since changes the side groups 
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the amino acids forming the peptide bonds attacked pepsin could favor the more rapid hydrolysis these 
bonds. Such changes not, however, appear take place, that the rate peptic hydrolysis remains the same 


for the irradiated proteins for the nonirradiated ones. There also evidence the weakening peptide 
bonds direct incidence them 


cannot readily explain the divergency between our results and those Epshtein and Zabolzaeva [12, 
13], who found that irradiated serum albumin was more rapidly attacked pepsin than was the native protein. 


possible that the effect bacterial contamination was not excluded the work these authors, particularly 
experiments involving the prolonged action 


SUMMARY 


Solutions crystalline dog and horse hemoglobin were exposed y-rays from source, dosages 
from 174-1630 Some the experiments were performed under aseptic conditions. 


Irradiation caused small increase the nonprotein nitrogen content the protein solutions, including 


rise the nonprotein tyrosine content this fraction. number low molecular weight peptides were detached 
from the protein molecules. 


The amino acid sequences ten these peptides were determined. None them showed any specific 
biological activity. 


Chromatographic analysis the hydrolyzates irradiated proteins did not reveal any new amino acids 
their derivatives. 


The electrophoretic mobility and the rate peptic digestion hemoglobin and serum albumin were not 
affected the irradiation these proteins. 


is, conclusion, our pleasant duty express our gratitude the Head the Department Roent- 
genology the Military Medical Academy, Prof. Zedgenidze, and Engineer-Radiologist Kolesnikov, 
also this Department, for their help conducting this research. Our sincere thanks are also due Prof. 


Sinitskii, Head the Department Microbiology the Military Medical Academy, and his technician, 
Volkova, for conducting the bacteriological investigations. 
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FRACTIONAL COMPOSITION THE PROTEINS DIFFERENT 
TYPES MUSCLES, AND THEIR CONTRACTILE FUNCTION 


Moiseeva, Parshina, Tukachinskii and 


Biochemical Laboratory, Institute Obstetrics and Gynecology, AMN SSSR, 
Department Biochemistry, Institute Pediatric Medicine, and the Institute 
Blood Transfusion, Leningrad 


The existence two forms muscle activity contraction and fatigue-free tonus has for many years 
attracted the attention physiologists and morphologists. Some authors held that tonic activity and phasic 
contraction muscles involve two different types contractile mechanisms [1, 2], even two different protein 
substrates [3, 4], while others regarded the differences between tonic and tetanic muscle contractions being 
quantitative, rather than qualitative ones. now seems possible present reasonably valid picture the 
interrelations existing between these two forms muscular activity. 


The development tonus may regarded being the resultant the superposition extremely retarded 
waves contraction. There can, however, doubt that the retardation relaxation muscles characteristic 
tonic activity, and amounting many cases obturator function, determined the presence these 
muscle fibers specific protein substrate, not identical with actomyosin. The development tonus obturator 


muscles associated with other changes their electrical parameters than are encountered the phasic activity 
muscles [5]. 


The type itself muscular organ whether adapted performance rapid phasic contractions 
fulfillment function" thus determined the fractional composition the muscle proteins, 
which constitute single functional complex. This concept inno way excludes the possibility the existence 
muscles (into the composition which enter both the protein substrates, certain fixed proportions), capable, 


according the nature the conditions and the stimulus, responding either rapid contraction 
development tonic tension [6]. 


This difference between the fractional composition the proteins smooth, compared with striated, 
muscle, and particular the lower content proteins the actomyosin complex smooth muscle, has been 
demonstrated number authors [4, 7-11, and others]. These researchers permitted the weaker contractile 
capability smooth muscle quite definitely related its relatively low actomyosin content. spite, how- 
ever, the publication these papers, the nature the protein substrate involved tonic contraction remained 
known, development muscle tonus, contrasted with muscle contraction, has not yet been 
reproduced simplified model systems (such as, for example, muscle fibers washed with 50% glycerol), and this 
has greatly impeded the study the nature the protein substrate tonic activity muscle. Nevertheless, 
some idea the nature the proteins taking part the fulfillmentof the tonic obturator functions muscles 
can derived from the detailed comparative study the fractional composition the proteins different 


types muscles, adapted the performance rapid phasic contractions, development fatigueless tonic 
resistance extension. 
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EXPERIMENTAL METHODS AND MATERIALS 


examined skeletal (thigh), cardiac, gastric and uterine muscle adult rabbits. The animals were 
killed injection air into the veins, and were then exsanguinated. Connective tissue and fat were dissected 
off, and gastric and uterine muscles were thoroughly freed mucosa. The muscle tissues were comminuted 
freezing microtome (thickness slices 20-40 and were extracted with volumes chilled 0.03 phosphate 
buffer For bettercomminution ground the smooth-muscle slices with equal weight quartz 
sand, Extraction sarcoplasmatic proteins soluble solutions low ionic strength was repeated three times, 
automatic shaker, with cooling, using ten volumes phosphate buffer (two extractions with shaking, 
and the third for one hour The extracts were collected the centrifuge and pooled. 


After this exhaustive extraction sarcoplasmatic proteins proceeded extract the myofibrillar proteins 
from the residue. The first extraction was with volumes Weber's solution, lasting 18-20 hr; the second with 
three volumes 0.6 solution containing neutralized ATP* ATP per tissue), for two hours; the 
third was with volumes Weber's solution, for one hour. done automatic shaker, 
room. The extracts were separated from the stroma the centrifuge, and were pooled. 


For further fractionation, part the extract myofibrillar proteins was diluted with parts water, the 
was adjusted 6.8 addition acetic acid, and the mixture was left the cold room for The 
actomyosin separating out was collected the centrifuge, leaving myofibrillar protein soluble solutions low 
strength the supernatant. determined the total protein content the tissues, and the protein and non- 
protein nitrogen all the fractions, and the method. 


Solutions myofibrillar proteins, soluble salt solutions low ionic strength, and concentrations suit- 
able for examination their enzymatic activity and for electrophoretic analysis, were prepared method 
which will described elsewhere. 


ATP-ase activity was determined the usual method, and expressed phosphorus per 
protein nitrogen, and Acetylcholine esterase activity was measured modification Varga's method 
and acetylcholine Hestrin's method [13], and expressed acetylcholine per protein nitrogen. 


The fractional composition the myofibrillar proteins, soluble media low ionic strength, skeletal, 
cardiac, gastric, and uterine muscle rabbits was investigated the method free electrophoresis (in 
apparatus the Tiselius Svenson type). Electrophoresis was conducted phosphate buffer 7.8 and 
ionic strength 0.4. The protein concentration the extracts was Electrophoresis was conducted 
0.3-0.4°, strength current ma. Its duration varied according the electrophoretic mobility the fractions, 
being 180 min for skeletal muscle and 135-190 min for cardiac, gastric, and uterine muscle. 


EXPERIMENTAL RESULTS, AND THEIR DISCUSSION 


Fractional Composition the Proteins Different Types Muscle 


evident from the data Table that substantial differences exist the fractional composition the 
proteins different types muscle skeletal, cardiac, gastric and uterine. greater lesser degree these 
differences apply all the basic groups myofibrillar, sarcoplasmatic and stromal. The somewhat 
higher percentage content sarcoplasmatic proteins cardiac, gastric and uterine muscle (Tables and 3), 
evidenced the results electrophoretic analysis, ascribable chiefly the presence considerable amounts 
myoalbumin these tissues. This peculiarity the composition the sarcoplasmatic proteins smooth 
muscles unlikely directly related their functional activity, since myoalbumin closely resembles serum 
albumin its properties [14]. Greater differences were found between the stromal protein contents different 
types muscle. Whereas these proteins account for about 10% the total nitrogen skeletal muscle, they 
make about 40% the protein uterine muscle. Differences the content stromal proteins can, however, 
scarcely related peculiarities the contractile functions these types muscle, since the proteins the 
stroma are represented chiefly connective-tissue elements (tendons, walls vessels, etc. [15]). 


The greatest importance, from our point view, attaches the data for the fractional composition the 
myofibrillar proteins extractable salt solutions high ionic strength. The overall content myofibrillar 
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TABLE 


Fractional Composition the Proteins Different Types Rabbit Muscles 


Skeletal 4,29 9,67 13,48 3,83 3,5/1 3,48 
Cardiac 8,85 4,40 2,92 1,5/1 7,30 
Gastric 1,60 8,67 2,78 4,19 1/1,5 7,16 
Uterine 1,84 7,66 3,70 0,93 2,77 1/3 8,90 
TABLE 
Fractional Composition the Proteins Different Types Rabbit Muscles 
the total nitrogen content the tissue represented the nitrogen content 
the fraction 
Sarcoplasma Myofibrillar proteins 
roteins, solu- 
strength strength strength 
Skeletal 12,4 3,5/1 10,1 
Cardiac 8,6 17,8 11,3 1,5/1 
Gastric 6,5 11.3 17,8 1/1,5 
Uterine 8,3 4,2 12,5 
TABLE 
Fractional Composition the Proteins Different Types Rabbit Muscles 
the total protein nitrogen content the tissue represented the nitrogen 
the fraction 
Myofibrillar proteins 
strength strength strength 
Skeletal 32,0 57,3 12,7 
Cardiac 37,4 31,0 18,6 12,4 30,8 
Uterine 18,3 43,7 4/2 43,8 


proteins highest skeletal muscle, which accounts for about 50% the total nitrogen content (Table 2), 
for 57% the protein nitrogen (Table 3). The corresponding values for cardiac and gastric muscle are only 
about half great, while uterine muscle the content myofibrillar protein nitrogen represents only 16.7% 
total tissue nitrogen, 18% protein nitrogen. When dialyzed against distilled water, when highly diluted 
with water, myofibrillar proteins present extracts Weber's solution may, according published reports, 
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separated into two fractions: proteins soluble salt solutions high ionic strength, which precipitate out under 
these conditions, and proteins soluble solutions low ionic strength, which remain the supernatant. This 
latter fraction will hereafter termed fraction should noted that the proteins this fraction belong 


tropomyosin and new protein (or mixture proteins), the properties which have recently been described 
number authors [16-21]. 


Tsao [22] has recently advanced the hypothesis, 
based the work Ivanov [23], that tropomyosin plays 
important part the performance the obturator 
function smooth muscle. According Bailey [24] the 
tropomyosin content the valve muscle molluscs may 
amount much 30% their total protein content. 


should noticed that our experiments the muscle- 
tissue homogenates were first freed sarcoplasmatic pro- 
teinsbefore extraction the myofibrillar proteins. Hence 
fraction consists myofibrillar proteins soluble media 
low ionic strength, and present living muscle (in the 
Skeletal Cardiac Gastric Uterine group. This complex dissociates into its components when 

muscle muscle muscle subjected dialysis when its solutions are diluted con- 
siderably with distilled water. Different types muscle 
differ quite considerably their actomyosin complex 

(AM) content. Whereas skeletal muscle the content 
accounts for about 40% the total nitrogen content 

(Table 2), about 45% the protein nitrogen (Table 

3), the corresponding figures for cardiac, gastric, and uterine 
muscle are 17.0 and 18.6%, 11.3 and 12.1%, and 4.2 and 
4.6%, respectively. Hence the content myofibrillar proteins not soluble media low ionic strength, i.e., 
proteins the actomyosin complex, nearly times higher skeletal than uterine muscle. Taking into 
consideration that the actomyosin fraction smooth muscle includes also nucleoproteins, which are extracted 

from the muscle homogenate, and which are precipitated together with actomyosin during dialysis, follows 

that the actomyosin content smooth muscle should even lower. 


N/g tissue 
> p> 


Fig. Contents myofibrillar proteins— acto- 
mysin and fraction different types rabbit 

Cross-hatched columns actomyosin; obliquely 
shaded columns fraction 


Fig. Electrophoretograms fraction proteins. 
Skeletal muscle, duration electrophoresis 180 min; cardiac muscle, 
duration electrophoresis 150 min; gastric muscle, duration electro- 
phoresis 190 min; uterine muscle, duration electrophoresis 135 min. 
For conditions electrophoresis see text. 


approximately the same for all types musculature (Tables and 3). However, the ratios the contents 
actomyosin-group proteins myofibrillar proteins soluble media low ionic strength differ considerably for 
each type muscle, which the value this ratio highly characteristic. Thus for skeletal muscle the value 
the ratio AM/T about3.5/1, compared with 1.5/1 for cardiac muscle, 1/1.5 for gastric muscle, and 1/3 
for uterine muscle. These ratios (Fig. give highly contrasting representation the peculiarities the 
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fractional composition the myofibrillar proteins different types muscle: skeletal muscle, adapted chiefly 
rapid phasic activity, cardiac muscle, and finally smooth muscles mesenchymal origin, with its characteristic 
ability contract and relax slowly, passing many cases into state prolonged fatigueless other 
words, the myofibrillar proteins skeletal muscle contain 80% actomyosin, and 20% proteins soluble salt 
solutions low ionic strength (fraction T); the myofibrils cardiac muscle contain 60% actomyosin and about 
40% fraction proteins, and, finally, the myofibrils gastric and uterine muscle contain and 25% acto- 
myosin, respectively, with and 75% fraction proteins. 


close parallelism has thus been revealed between the ability muscle fulfill its particular type 
physiological activity, and the fractional composition its myofibrillar proteins, which are the integral com- 
ponents the most functionally important structures muscle. 


This parallelism cannot fortuitous, and indicates the need, studying the nature the protein substrate 
muscle tonus, pay particular attention the myofibrillar proteins soluble media low ionic strength, viz., 
fraction 


Electrophoretic Examination Fraction Muscles Different Types 


Since the ability muscle develop tonus (resistance extension) appeared associated with changes 
the colloidal state the proteins fraction became necessary make more detailed study the 
composition this fraction muscles different types. 


Electrophoretograms fraction proteins are shown Fig. for skeletal, cardiac, gastric, and uterine 
muscle nonpregnant rabbit. 


found, confirmation published data [16], that fraction skeletal muscle not homogeneous, 
but contains small proportion protein high electrophoretic mobility (probably myoalbumin). The bulk 
the fraction separates into two components, which one probably tropomyosin, and the other A-protein 
protein. 


The fractions cardiac, gastric, and uterine muscle were also found heterogeneous, separating into 
least two major subfractions and one rapidly moving component, present small amount. These findings sug- 
gest that the myofibrillar proteins soluble media low ionic strength, extracted from different types muscle, 
resemble each other closely their fractional composition and number their properties. 


should, however, noted that the mobilities the main peak fractions isolated from cardiac, 
gastric, and uterine muscle differ somewhat from each other. This will examined greater detail sub- 
sequent publications. 


Our findings are full agreement with the importance the role believed played tropomyosin, 
and possibly other myofibrillar proteins soluble media low ionic strength, effecting the tonic activity 
smooth muscle. known that tropomyosin solutions may under specific conditions exist mobile sols, 
very viscous gels. The view might hence advanced that development the state tonus might asso- 
ciated with transformation tropomyosin sols into gels. 


ATP-ase and Acetylcholinesterase Activities the Proteins Different Types 
Muscles 


Since the fulfillment the tonic functions muscle not associated with any appreciable rise its 
energy requirements, but clearly related changes the physical state proteins not identical with 
myosin, should expected that the myofibrillar proteins smooth tonic muscle should have lower ATP-ase 
activity than does skeletal-muscle myosin. Particularly low activities should, this view, found 
for those muscle protein fractions, changes the physical state which may directly related the develop- 
ment fatigueless tonus, i.e., for the proteins fraction 


These proteins could, however, carriers acetylcholinesterase activity. Our earlier findings [25], well 
those other authors [26] have shown that the proteins extracted Weber's solution from smooth tonic muscle 
do, fact, have activity only 1/20th 1/10th that myosin skeletal muscle. The data 
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TABLE 


and Acetylcholinesterase Activities Fraction from 
Different Types Rabbit Muscles 

nitrogen min and acetylcholinesterase activity express- 


ATP-ase activity Acetylcholinesterase 
musculature P/mg activity 


acetylcholine/mg 


Skeletal 
Cardiac 
Gastric 
Uterine 


Table show that the activity fraction practically zero for skeletal muscle, and extremely low 
for cardiac, gastric, and uterine muscle. 


The acetylcholinesterase activity fraction proteins is, the other hand, quite pronounced (Table 4). 
The highest activity was found for fraction uterine muscle, and somewhat less for gastric muscle. 


All these findings are complete conformity with the assumption that myofibrillar proteins soluble salt 
solutions low ionic strength (fraction play important part the realization the tonic function muscles 


different types. 
SUMMARY 


The most characteristic parameter muscles different types the ratio the percentage content 
proteins the actomyosin complex that myofibrillar proteins soluble salt solutions low ionic strength 
(fraction T). For skeletal muscle the ratio AM/T 3.5/1 (i.e., approximately for cardiac muscle 
1.5/1 for gastric muscle 1/1.5 (40: 60), and for uterine muscle 1/3 


The tonic function muscles the myofibrillar proteins soluble salt solutions 
low ionic strength (fraction T), inasmuch the highest contents fraction proteins, relative actomyosin, 
are found tonic smooth muscle (stomach, uterus). These proteins are present the myofibrils combi- 
nation with actomyosin, forming single functional complex. The proteins fraction are, however, hetero- 
geneous system, containing least two components, probably tropomyosin and protein. The proteins 
fraction also include very small amounts third component high electrophoretic mobility. 


Smooth muscles are also distinguished their high contents myoalbumin and stroma proteins. 


The proteins fraction have very low ATP-ase activity, which was entirely absent from fraction 
skeletal muscle; they have pronounced acetylcholinesterase activity. 


All these findings are conformity with the view that important part played the performance 
the tonic function muscles fraction the myofibrillar proteins, particular tropomyosin. 
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FORMATION AMMONIA FROM AMIDES BRAIN AND LIVER 
HOMOGENATES UNDER CONDITIONS RAISED OXYGEN TENSION 


Department Biochemistry, Rostov-on-Don University, and the Department 
Biochemistry, Scientific Research Institute Rostov-on-Don 


Animal tissue containsconsiderable amounts amides, well active enzyme systems which bring 
about the rapid utilization the amide group. The ammonia content brain, determined animals rapidly 
frozen liquid air, amounts [2], 0.32 [3] has been shown that the ammonia content 
varies according the functional state the brain. 


has been shown Vladimirova [4], conditioned and unconditioned reflex stimulation associated with 
increase the free ammonia content the brain, whereas inhibition functioning the central nervous system, 
found natural sleep and narcosis, after prolonged electrical stimulation skin receptors, leads the opposite 
effect. large increase the ammonia content the brain found various pathological states involving 
disturbances nervous function. Thus Richter and Dawson [1] found that convulsions, due the administration 
picrotoxin, led rise the ammonia content the brain 74%, while hypoxic states the 188%. 
During the convulsive and preconvulsive phases electroplexy the brain ammonia content was doubled. The 
ammonia content the blood, cerebrospinal fluid and brain has been found rise considerably during epileptic 
fits [5]. Havens and Child [6] found elevated levels blood ammonia patients suffering from mental distur- 
bances attributable liver disease. Lowering blood ammonia was followed abolition these 


Considerable rises the content the brain have been noted different stages the process 
oxygen poisoning [3]. The rise ammonia level was observed long before the onset rigors. The part played 
ammonia the development oxygen poisoning led investigate the sources from which arises this 
condition. 


The object our research was study the dynamics deamidation amides, which constitute the 
physiological reserves ammonia living organisms. 


METHODS 


used rat brain and liver homogenates our experiments. portion tissue was ground with 
mixture and phosphate buffer 8.0. placed 0.5 proteins homogenate into 
test tubes containing one the amides under investigation (glutamine, asparagine, nicotinamide), the rate 
per tissue. The control systems consisted homogenate with the corresponding acids glutamic, 
aspartic and nicotinic acids. This form control system allowed for the elimination ammonia which might 
have been formed deamination glutamic aspartic acid, well any extra ammonia which might 
have been formed activation ammoniogenesis nicotinic acid. 


The systems were transferred pressure chamber, which was filled with pure oxygen pressure 
atmospheres. controls used series identical systems hermetically sealed tubes, placed the same 
pressure chamber. The temperature was maintained 37° during the experiments. The temperature conditions 
were thus the same during incubation the systems exposed oxygen and the control systems. The systems 


| 
| 
a 
| 
| 
| 
| 
| 
| 
| 
q 
| 
| 
| | 
j 
| 
| 
| 
j 
= 
431 


were exposed oxygen for min. After conclusion incubation added 1.5 12% trichloroacetic 
acid solution each tube, The systems were centrifuged, and ammonia was determined the 
used method [7] for ammonia determination, modifying the vessel recommended Brown al. 
took not more than 0.5 supernatant (containing for the analyses. 


The results are expressed moles nitrogen per gram fresh tissue. 


RESULTS EXPERIMENTS 


Deamidation Glutamine Brain Homogenates 


can seen from the table that glutamine rapidly deamidated brain homogenate. After min 
10.46 nitrogen eliminated, 20.9% the added glutamine, compared with 14% min. 


Liberation ammonia from glutamine incubated with brain homogenate atmosphere oxygen 
pressure atmospheres proceeded more intensively than the control Excess ammonia production 
amounted 10.7-16.5% different experiments. 


This finding accordance with the results our previous experiments [3], which found that 
exposure intact animals raised oxygen pressure led considerable rise the ammonia content the brain. 
similar rise ammonia content was found brain slices exposed oxygen atmospheres. 


The increased oxygen pressure appears lead changes the activity brain glutaminase. Thus, 
the glutamine added brain homogenate, 29.1% was deamidated min, compared with 20.9% the 
control systems. This assumption regarding glutaminase activity accordance with our earlier finding that the 
glutamine content the brain lowered all stages oxygen poisoning, falling zero the terminal stage 


[3]. 


also found fall the activity glutamine synthetase the brain during the convulsive and terminal 
stages oxygen poisoning [9]. 


may concluded that the rise the brain ammonia content observed oxygen poisoning, brain homo- 
genates and slices, and intact animals, may some extent due changes the activities the two enzymes, 
glutaminase and glutamine synthetase, which regulate glutamine metabolism. increase glutaminase activity, 
with simultaneous fall glutamine synthetase activity, should expected lead fall the glutamine con- 
tent, with concomitant rise ammonia and glutamic acid contents. Our earlier investigations [10] showed that 
the ammonia content rose parallel with the free glutamic acid content. 


One the mechanisms responsible for this effect involves the deamidation glutamine. 


evident from the Table, glutamic acid added brain homogenate not only does not serve source 
ammonia, but, would expected, contributes the binding ammonia already present. 


Addition glutamic acid brain homogenate control systems caused fall ammonia production 
min, and 3.3 min, incubation, compared with analogous systems without 
glutamic acid, This inhibitory effect glutamic acid even more pronounced raised oxygen tensions. Under 
such conditions, the fall ammonia production due addition glutamic acid the systems amounted 3.7 


Krebs [11] has shown that DL-glutamic acid depresses the activity brain glutaminase. The effect observed 


appears connected with this finding, also the lowered glutaminase activity found after min 
exposure raised oxygen tension. 


have shown earlier paper [12] that glutamic acid protects against oxygen poisoning. Glutamic 
acid supports the respiration brain tissue, thereby, supposed, deferring the onset convulsions. Our 
findings are evidence that the lowering the ammonia content the brain due addition glutamic acid 
also important factor alleviating the severity oxygen poisoning. 


Deamidation Asparagine Brain Homogenates 


shown the table, deamidation asparagine was not observed during min incubation, while 
after 7.8 moles ammonia was released, corresponding deamidation 15.6% the added 
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asparagine, Thisisinagreement with findings Mardashev and Lestrova [13], who found that practically all 
rat and rabbit tissues gave evidence, after three hours incubation under analogous conditions, asparaginase 
activity. The highest activities were found the testes, liver and brain rabbits, and the liver and kidneys 
rats. Some authors [14] have not, however, been able establish the presence asparaginase brain. 


Increase the partial oxygen tension causes slight fall the activity brain asparaginase. Thus 
found that 15.6% added asparagine was deamidated control systems, compared with 10.8% systems 
exposed oxygen atmospheres pressure, during hour. Ammonia formation was even somewhat inhibited 
asparagine experiments involving exposure time min. 


Comparison this effect with the activating effect raised oxygen pressure glutaminase suggests that 
the mechanism action asparaginase must differ considerably from that glutaminase. 


Ammonia does not appear liberated from asparagine during incubation with brain homogenates 
high oxygen pressures. 


with glutamic acid, addition aspartic acid brain homogenate lowered ammonia production, both 
the control systems and under raised oxygen pressure, The results these experiments are given the table. 


Deamidation Nicotinamide Brain Homogenates 


can seen from the table, deamidation added nicotinamide proceeds slowly rat brain homogenates, 
8.6% the amount added being deamidated one hour. 


The rate deamidation nicotinamide added brain homogenate was lower high oxygen pressures. 
were not, however, able obtain consistent values for the degree inhibition deamidation. 
experiments 4,3% the added nicotinamide underwent deamidation, compared with 8.6% the control 
systems, experiments deamidation was found, and experiments ammonia production fell 4.99 
i.e., 90% the amount found the control systems. 


Thus,not only added nicotinamide not deamidated, but even activates systems 
ordinarily inhibited oxygen. This causes fall the ammonia content, possibly involving its inclusion into 
biosynthetic processes catalyzed nicotinamide and pyridine coenzymes formed from it. 


Addition nicotinic acid control system brain homogenate led fall ammonia production. 


compared with nicotinamide, nicotinic acid caused greater lowering ammonia production brain 
homogenates exposed high oxygen pressures. significant that under these conditions the ammonia content 
was the normal level. This may interpreted being due amidation nicotinic acid free ammonia, 
with subsequent functioning the resulting nicotinamide catalyst reactions involving binding ammonia. 


enzyme system leading the production nicotinamide has yet been isolated. Amidation nicotinic 
acid was established Ellinger [15] 1946. The optimum the process was found 6.76-7.65. The 
process aerobic one, proceeding only intact cells. Although thought that amidation nicotinic 
acid requires the presence glutamine asparagine donors the amino group, our results suggest the pos- 
sibility that ammonia can used directly for this purpose. 


Deamidation Glutamine Liver Homogenates 


with brain homogenates, incubation liver homogenates leads production ammonia. The amount 
formed min was 10.6, and one hour 16.6 per fresh tissue. Addition glutamine the 
homogenate caused considerable rise (by 83% min, and 37.3% one hour), 
which evidence the presence active glutaminase. 


The amount ammonia formed raised oxygen pressures systems not containing added glutamine 
exceeded that found the control systems, 34% min, and 17.4% hour. contrast brain 
glutaminase, raising the oxygen pressure did not affect the activity liver glutaminase. appears that oxygen- 
poisoning liver glutamine does not contribute ammonia production. Addition glutamic acid liver homo- 
genate caused marked fall ammonia production both the control and the experimental systems. the 
experiments brain homogenates, this effect glutamic acid was more pronounced high oxygen pressures. 
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However, the liver not associated with inhibition glutaminase, since glutamic acid known not 
affect the activity the liver enzyme. 


Deamidation Asparagine Liver Homogenates 


Rat liver homogenates contain active asparaginase. During hour incubation 33.6% added asparagine 
was The asparaginase activity the liver greater than that the 


The activity asparaginase was smaller high oxygen pressures than the control 
systems, only 20.4% the added asparagine being deamidated. 


contrast glutamic acid, addition liver homogenate caused considerable rise 
ammonia production. evident from the table, this effect not dependent the partial oxygen pressure. 
The increase ammonia production amounted 84% the control systems, compared with 76% pressure 
atmospheres oxygen. The mechanism this effect requires special investigation. 


Deamidation Nicotinamide Liver Homogenates 


enzyme catalyzing deamidation nicotinamide also present the liver. During one hour, 9.6% 
nicotinamide added liver homogenate underwent deamidation. 


The reaction was inhibited raised oxygen pressures, only 2.8% the added nicotinamide being deamidated. 
Raised oxygen pressure thus suppresses deamidation liver homogenate all three amides examined. 


Similarly glutamic acid, nicotinic acid caused lowering ammonia production rat liver homogenate. 
This effect intensified high oxygen pressure. 


exclude the possibility spontaneous deamidation the added amines, control experiments were 
included for each the six series. The results showed that all cases the deamidation process was associated 
with enzyme action. 


SUMMARY 


The activity brain glutaminase raised 8.2% when the oxygen pressure raised atmospheres, 
whereas that liver glutaminase unaffected. 


Under such conditions the activity asparaginase falls brain, and 13.2% liver homogenates. 


the amides examined, glutamine serves additional source ammonia production the brain under 
conditions oxygen poisoning. 


Glutamic, aspartic, and nicotinic acid not contribute ammonia production under such conditions. 


contrast its effect brain homogenate, aspartic acid stimulates ammonia production liver homo- 
genate. 


Received November 26, 1958 
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THE BIOSYNTHESIS NUCLEIC ACID PURINES HIGHER PLANTS 


Semenenko 


State University, Kharkov 


known that the majority organisms, with the exception some bacteria, can synthesize nucleic 
acids from simple substances. 


the method labeled atoms has shown [1-6] the precursors the carbon and nitrogen atoms nucleic 


acid purines birds, mammals, and microorganisms are formate, glycine, ammonium citrate, and some 
other substances. 


However, when previously prepared purines enter the organism they can used the synthesis nucleic 
acids. 


The ability many organisms convert exogenous adenine into guanine has also been demonstrated, and 
the exogenous guanine can converted adenine nucleic acids. The degree use exogenous purines 
nucleic acid synthesis and the reciprocal transformations the purines different types animals and micro- 


organisms differ the present time there are two pathways postulated the literature for the origin 
nucleic acid purines 


uptake exogenous purines and reciprocal transformations purines the organisms; new formation 
nucleic acid purines from simple compounds. 


Brown and Roll [6] express the opinion entirely original method forming the purine skeleton which 
definite stages formation adenine guanine derivatives. 


the study the biosynthesis purine bases, the objects study have been birds, mammals, and micro- 
organisms. The literature the biosynthesis nucleic acid purines higher plants small. 


the work Oparin and [9, 10] has been shown that when wheat seeds sprout, newly formed 
purines enter the sprouts, and when the sprouts are deprived food, the purine bases are broken down. 


The attempts these authors explain the origin the purine synthesis infiltration the sprouts with 
different substances did not give positive results. 


The new formation purines during sprouting the seeds was also shown the work Belozerskii and 
co-workers 12] and other authors. 


Fries [13] studied the change adenine content leaves series different kinds trees when the 
leaves were falling the autumn. His data confirmed that the concentration adenine the leaves dif- 
ferent kinds trees varied wide limits, and before the leaves fell, their adenine content decreased 50%, 


this study have investigated the accumulation purines sprouts,depending source nitrogen 
the nutritive medium, uptake exogenous purines the nucleic acids the sprouts, and have studied 
the simple sources the purines and the effect light the biosynthesis nucleic acid purines sprouts. 


METHODS AND RESULTS 


set the following experiments study the accumulation total purines sprouts. 
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The seeds Narodnaya summer wheat and corn were sprouted moist sand the dark 20°. 
Then the wheat sprouts and six-day-old corn sprouts were separated from the endosperm and placed 
vesse] for water culture nutritive solution, twice diluted. separate variants the experiment 
the the solution was replaced equimolar amounts other nitrogenous compounds, and the 
corresponding amount calcium was added the nutritive solution the nutritive solution which 
contained acid hydrolyzate yeast RNA the nitrogen source, also equalized the phosphorus 


all the containers added glucose the amoung g/liter nutritive solution. The experiments were 
carried out the dark 


The experiments lasted four days; the nutritive solution the containers was changed each hours. 
controls used sprouts which were grown with the endosperm distilled water. the day when the experi- 
ment was begun took samples the original sprouts for determination their purine content. the end 
the experiment the sprouts were carefully washed with water, fixed with hot alcohol, and dried constant weight 
70°. determined the dry weight the sprouts and their content total and purine nitrogen (free and 
bound) the method Belozerskii and Proskuryakov [14]. 


The results are given Table 


TABLE 


Relation Purine Content Sprouts Type Nitrogenous Compound the Nutritive 
Medium 


Wheat Corn 
Condition raising Purine total dry wt, Purine 
nutritive medium 100 nitrogen in| gen 100 nitrogen 
per per 100 sprouts, per 100 
Sprouts sprouts ing sprouts 
with endosperm (growth 
Original sample (sprouts 
before experiment 2,63 3,107 


The data this table show that the most intensive synthesis purines occurred wheat and corn sprouts 
which were grown with the endosperm. 


There was also considerable increase purines the wheat and corn sprouts grown nutritive medium 
which contained glycine and RNA hydrolyzate. wheat sprouts raised nutritive medium with and 
the total nitrogen and dry weight the sprouts increased, but the purine content these remained un- 
changed. 


Thus, the results the experiment indicate that among the nitrogenous compounds which studied, the 
best source for the synthesis purines glycine; the experiments also showed that the purines the hydrolyzate 
RNA from yeast were absorbed from the nutritive medium wheat and corn sprouts, but adenine was absorbed 
only the wheat sprouts. 


However, these results not answer directly the question whether exogenous purines are taken up, 
that is, purines the RNA hydrolyzate, and also glycine for the sprout nucleic acids, whether they occur 
the form nucleosides, nucleotides, free purines. 


show the possibility uptake exogenous purines the nucleic acids wheat sprouts, used 
the purine source the acid hydrolyzate RNA labeled the carbon biological method. 
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For this purpose the yeast was grown Henneberg medium which contained glycine (labeled the 
carboxyl) the amount 300 per liter solution. The nucleic acids were extracted from the yeast 
the method Belozerskii and Proskuryakov [14]. The isolated RNA contained 9.39% phosphorus and 9.8% 
nitrogen. Its radioactivity (measured MST-17 counter) was 1800 counts/min per nitrogen. order 
carry out the experiment 150 radioactive RNA was hydrolyzed with 85% formic acid for two hours 
sealed ampule autoclave hydrolyzate was evaporated dryness low pressure. The 
residue was dissolved dilute and added the vessel for water culture with Helriegel solution 
diluted six times (volume the vessel 0.5 liter). 


hy 


After established the 6,we transplanted four-day-old Narodnaya wheat sprouts with and without 
endosperms and grew them for three days the light. 


the end the experiment, the sprouts were carefully washed with tap water and then distilled water, 
fixed with hot alcohol, and dried constant weight 70°. The dry substance the sprouts was radioactive. 


detect the uptake labeled purines from the RNA hydrolyzate into the nucleic acids the sprouts 
extracted the dry substance three times with trichloroacetic acid ice remove the free purines and 
acid-soluble nucleosides and nucleotides [7], washed with alcohol and ether, dried room temperature, and 
submitted hydrolysis (two-hour incubation with the mixture: and formic The purines 
were precipitated from the hydrolyzate cuprous oxide [14]. sample the dry, powdered cuprous oxide 
measured the radioactivity the purines counter and calculated the results per dry 
substance the sprouts. carried out two parallel experiments. 


result the experiments which carried out detected weak radioactivity the nucleic acid 
purines the wheat sprouts which were grown nutritive medium with the radioactive RNA hydrolyzate and 
without 


one experiment the radioactivity the purines reached 112 counts per min per dry substance, 
counts per min, total radioactivity per dry substance the sprouts 700 counts per min. 


the nucleic acid purines sprouts grown the same nutritive medium with the endosperms, the 
radioactivity was not observed. 


Thus, the experimental data indicate that the presence the reserve substances the endosperm, 
exogenous purines are not included the nucleic acids the sprout, but the absence these reserve supplies 
the endosperm, they are taken weakly. 


sprouts. 


Four-day-old wheat sprouts with and without the endosperm and six-day-old sprouts Victoria 
grown vessel for water culture solution diluted six times. the vessel placed glycine 
labeled the carboxyl carbon with 100 per liter nutrient solution. The experiment was carried out 
the light. Samples wheat sprouts for analysis were taken and hours after adding the glycine, and hours 
afterwards for the pea sprouts. Fixation and treatment the material, its hydrolysis and precipitation the 
nucleic acid purines cuprous oxide well measurement the purine radioactivity were carried out 
scribed above. 
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The results the analysis are given Table 


Table shows, taken very intensively the purines the nucleic acids wheat and 
pea sprouts which have the endosperms separated. This shows that even the early stages growth the seed 
the sprouts have perfected the apparatus for biosynthesis purines nucleic acids novo from simple com- 
pounds. 


One the simple precursors for carbon this synthesis, tissues, glycine. The comparatively 
weak radioactivity the purines the nucleic acids sprouts which are grown with the endosperm, evidently 
because they are used for the synthesis the nucleic acids the reserve materials the endosperm. 


special series experiments studied the uptake labeled glycine the purines the nucleic 
acids ripening seeds. 
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TABLE TABLE 


Uptake Purines the Nucleic Relation Uptake the Purines 
Acids Wheat and Pea Sprouts (in counts/min the Nucleic Acids Pea Sprouts the Type 
per dry substance) Nitrogenous Compound the Nutrient Medium 


Experimental condi- Wheat Nitrogenous compound Activity the purines 
tions Exposure, hours nutrient medium counts/min per 
dry substance 


Sprouts with 
endosperm 

Sprouts without 
endosperm 


4780 
Asparagine 9055 
Alanine 19,720 
Glutamic acid 24,217 


Artemov summer-wheat plants and Kharkov 596 oats the experimental areas were sprayed with six times 
diluted solution which had been added the amount 100mC per liter solution. 
Spraying was carried out five days after blooming. After two days, the stems were cut under water and the cut 
ends were placed for hours the radioactive solution which had been used for spraying assure full 
accumulation glycine the grain. The resulting grain was radioactive. 


Fixation and treatment the material, and also determination the radioactivity the purines was car- 
ried out the same way the experiments with the sprouts. 


The results the experiment showed that the radioactivity the purines the nucleic acids 
was 400 counts/min and the oat seeds, 142 counts/min per dry substance. 


The weak radioactivity the purines apparently due the fact that the beginning formation and 
ripening the grain, nutritive substances from the stem accumulate abundantly it, which reduces the synthesis 
reserve substances the seed, including the purines the nucleic acids. 


interesting determine whether the labeled glycine taken adenine and guanine the nucleic 
acids, only one these purines, and establish the ratio the radioactivity the purines. For this purpose 
ran the following series experiments. 


isolated the RNA from six-day-old radioactive wheat sprouts [14]. The isolated RNA was hydrolyzed 
with concentrated formic acid autoclaving 120° sealed test tube for two hours. The hydrolyzate was 
evaporated reduced pressure, the residue was dissolved The purines from the filtered 
tion were separated paper chromatography. After study number solvents, the best for 
ascending chromatography our experiments,the mixture: alcohol-aqueous solution 
1/20 NaOH [15, 16]. 


standards used pure preparations adenine and guanine. determine the positions the purines 
the chromatogram used the method Vischer and Chargaff [17]. The spots adenine and guanine were 
cut out and their radioactivity was determined the counter. 


Both purines were radioactive. The radioactivity the adenine spot was and the guanine, counts per 
min over the background, which calculation per dry substance comes out for adenine 900 and for guanine 
1050 counts/min. 


the synthesis purines the carbon thé glycine taken specifically positions and the 
and the nitrogen position [2, then can think that the presence the nutrient solution 
other, most probably simple,precursors will increase the rate uptake glycine the purines. carried 
out comparison the supposed sources nitrogen for the purines according their ability stimulate the 
uptake purines the nucleic acids. The experiments consisted the following. 


pea sprouts were placed for hours vessels for water culture nutrient medium which 
consisted Helriegel solution (10 times diluted) and the following assumed precursors: asparagine, 
alanine, glutamic acid. The amount precursor the various media was made equal nitrogen, whose 
final concentration each medium corresponded its full amount the solution. 
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Labeled glycine was added the nutrient solution per 0.5 liters solutions. determined 
the radioactivity the purines described above. 


The experimental results show that the uptake most intensely stimulated the nucleic 
acid purines glutamic acid and somewhat less strongly alanine, then asparagine, and finally, 


number studies [12, was shown that light has positive effect the biosynthesis 
nucleic acids sprouts some cultures higher plants. 


this connection were interested studying the effect light the rate uptake ycine 
the purine bases the nucleic acids. 


Pea seeds and summer wheat (Lutescence-62) were grown moist sand the dark. Fourday-old sprouts 
were transferred vessel for water culture distilled water. added the vessel 
per 0.5 liter. The vessels were divided into three groups. The first group was placed under glass bell jar with 
opening for free passage air and was placed the light. The second group vessels was placed under 
jar, the bottom which was placed 40% KOH solution absorb CO, and the air the jar was passed 
through tube soda lime. The jar was placed the light. The third group vessels (also under jar) was 
put dark place with free passage air. The pea sprouts were placed the radioactive solution and 
hours, and the wheat sprouts, hours. the end the exposure the sprouts were fixed for min with steam and 
dried constant weight 70°. The dry sprout materials was used determine the radioactivity the nucleic 
acid purines the method described above. 


The results are given Table 


TABLE TABLE 


Nucleic Acid Purines Pea and Wheat Purines Different Organs Sprouts 
Sprouts (incounts/min per dry substance) 


Wheat 
Wheat 
conditions 


Peas 


Light CO, 368 2627 
| 


1347 The data the table show that the light the 

the uptake the nucleic acid purines 
occurs more intensely than the dark the light 

the absence photosynthesis. Hence, light has effect the rate uptake labeled glycine the purines, 

not directly, but through photosynthesis. Evidently,during photosynthesis substance formed which shares 

directly the biosynthesis nucleic acid purine bases. 


Dark 


can also assume that the established [12, 18-20] positive effect light the biosynthesis nucleic 
acids sprouts occurs the first stages the synthesis. However, for solution this question must have 
further study. 


Table give the results study the rate uptake nucleic acid purines 
different organs the sprouts wheat, corn, and peas. The experiments were carried out the light; four-day- 
old sprouts remained the radioactive solution for hours. 


Table shows, the uptake labeled glycine the purines and hence also, the synthesis nucleic acid 
purines occursin the stems and roots the sprouts. However, wheat and corn sprouts the uptake more intense 
the stems, and pea sprouts, the roots. This confirms the findings other authors [21] the active share 
the root system some types plants the synthesis and transformations nitrogen and phosphorus com- 
pounds. 
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SUMMARY 


Addition nutrient solutions the purine hydrolyzate RNA results absorption wheat and corn 
sprouts, but these not use the ordinary way biosynthesis nucleic acids. 


When glycine present the nutrient medium the sole source nitrogen (Table there synthesis 
purines the absence light wheat and corn sprouts with the endosperm removed. 


Labeled taken adenine and guanine the nucleic acids wheat sprouts and the 
nucleic acid purines ripening wheat and oat seeds. Glutamic acid and alanine greater measure than 
when added the nutrient medium increase the rate uptake the nucleic acid purines pea 
sprouts, Light increases the uptake the nucleic acid purines sprouts through photosynthesis. 

the light under conditions the absence photosynthesis and the dark the rate uptake labeled glycine 
into purines decreased. 
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RAPID METHOD FOR OBTAINING DESOXYRIBONUCLEIC ACID 
HIGHLY POLYMERIZED STATE 


Georgiev 


Severtsov Institute Animal Morphology, Academy Sciences, USSR, Moscow 


the present investigation have worked out method for highly polymerized DNA, based 
the phenol procedure Kirby [1, 2]. distinction from the latter, our method permits carrying out the isolation 
considerably faster (in one day) and also the isolation from the same sample tissue RNA. give data 
the mechanism phenolic deproteinization DNA. 


most the methods used the present time for obtaining DNA from ribonucleoprotein 
first extracted with 0.14 and then either the DNA directly removed detergents [3], the nucleo- 


protein first extracted. The protein separated from the nucleoprotein shaking with 
[4] salting out [5]. 


work with tissues which contain active nucleases, there always the possibility depolymerization 
the nucleic acid the first stages the isolation. Therefore, since phenol inactivates nucleases assume 
that the phenolic method separating nucleic acids recently described Kirby [1, can used. This author 
that when the tissue homogenate shaken with phenol, there occurs solution the protein the 
phenol, and the RNA and polysaccharides into the water layer. When the homogenate shaken with phenol 


the presence number organic anions (p-aminosalicylate (PASA), trichloroacetate, benzoate, etc.) the 
DNA also goes into the water phase. 


Kirby assumes that the action the organic anions binds the metals which, his opinion, share the 
formation desoxyribonucleoprotein complexes. 


obtain pure, highly polymerized RNA the phenol method valuable, and has been used number 
investigators [6, 8]. However, the method isolating DNA used Kirby not very suitable when 
used, RNA and polysaccharides, addition the water layer. Later purification DNA includes 
numerous reprecipitations ethoxyethanol extractions methoxyethanol from concentrated phosphate buffers, 
destruction RNA ribonuclease, and removal the products hydrolysis RNA dialysis. This complicates 


considerably the procedure isolating DNA and can give conditions which permit its degradation. Finally, 
this method, the RNA lost. 


For these reasons, the value the method decreased, and has rarely been used other authors for 
isolating DNA from whole tissues. However, the phenol method has the great merit that the tissues immediately 
after homogenization are treated with denatures and inactivates the nucleolytic enzymes. 
already noted, the latter particularly has great value for work with tissues rich nucleases. 


When consider that the use phenol can cause deproteinization both DNA and RNA that RNA can 
removed under conditions which DNA remains the precipitate, can and have worked out method for 
successive isolation RNA and DNA from the same sample tissue. the basis this method have found 
relation deproteinization DNA the the phenol. 
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EXPERIMENTAL 
Materials and Methods Study 


most experiments, the nucleic acids were separated from rat livers; some the experiments, also 
from brain and spleen rats and calf thymus glands. 


The brain was used tissue with low DNA content, and, the other hand, the thymus and spleen 
tissues with high DNA content [9]. Phenol was purified distillation, saturated with water, and the water- 
saturated were added different volumes 1.0 and 5.0 KOH, after which water was again added 
saturation. The the phenol was determined with meter with glass electrode. The relation 
phenolic amount added alkali shown Fig. For the determination the content nucleic acids 
the different fractions they were separated according Schmidt and [10] and the phosphorus con- 
tent was determined according King [11], riboses according Meibaum [12], and desoxyribose according 


For the characteristics the nucleic acids 
determined the content and pentose the iso- 
lated preparations. The determination admixed protein 
the DNA preparation was carried out two processes. 


DNA, viscosit KOH 


the first, the DNA was hydrolyzed with TCA 
99°, the small residue was collected centrifuging, 
and was hydrolyzed for hours with 100°, 


and the hydrolyzate, vacuum dried over CaCl, and 

KOH, determined the content amino acids using 

ninhydrin according Yemm and Cocking [15]. 

the other variant, the whole DNA preparation 

was hydrolyzed with Since the purines then 

partly formed glycine, the hydrolyzate was separated 

paper electrophoresis into the fractions diamino 

Fig. Relation deproteinization DNA acids, dicarboxylic acids, and monoaminomonocarboxylic 
the phenol. acids. determined the content diamino- and di- 
Viscosity the mixture (ratio viscosity carboxylic acids, and, multiplying their sum three, 
given viscosity the mixture 4.7); obtained approximately the content amino acids 
percent DNA entering the water phase; KOH con- the DNA preparation. determine the contaminating 
centration the phenol moles. RNA protein carried out the biuret reaction. 


the solution nucleic acids 0.1 determined the absorption curve and molar extinction 
coefficient 


Tocharacterize the degree polymerization DNA determined the viscosity the latter Ostwald 
viscosimeter 0.2 over the range concentrations 10-150 DNA/ml and calculated the value 
the characteristic viscosity [16]. 


Relation Deproteinization DNA and the Phenol 


study the relation deproteinization DNA the phenol shook liver homogenate rats 
with phenol different values. 


Rat liver was ground with twice the amount 0.14 NaCl sucrose (weight volume) Potter 
homogenizer, the homogenate was filtered through layer gauze, diluted 5-fold with 0.14 NaCl, and equal 
volumes were mixed portions with equal volumes phenol neutralized various values. 


After mixed for min, determined the viscosity the mixture Ostwald viscosimeter 
Then the mixture was centrifuged for min 5800 Four layers formed: the upper, the water layer (I), the 
intermediate precipitate the phenol layer and the bottom precipitate (IV) (Fig. 2). determined the 
DNA content each the layers. The results are given Fig. 
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When used unneutralized phenol phenol with below 6.6, 
only traces DNA were found the water layer. 6.6 found 
phase small but measurable amounts DNA (about 1/3 the DNA 

Water layer liberated), and 7.1 higher practically all the DNA goes into 
solution. 
Intermediate layer 


Due the high viscosity the solution, the intermediate layer 
sucked off along with phase For removal the phenol, the 
solution shaken with ether, centrifuged, and the lower water layer 
Lower precipitate sucked off while precipitate remains the water-ether interface. 
Some DNA then retained precipitate II. 


Phenol layer III 


Fig. Layers formed centrifug- 
ing the mixture after shaking the 
homogenate with phenol. 


Thus the critical interval for liberating DNA 6.6-7.1. 
this interval the concentration potassium phenolate (calculated starting 
from the number moles KOH used titrating determined volume 
phenol) increases from about 0.02 0.1 (Fig. 1). 


The viscosity the total mixture increases somewhat more acid medium and the separation DNA 
into the water phase begins and the viscosity becomes maximal 6.9, remaining this level 7.3 and 
then decreasing again. The measurement viscosity can serve rapid test for the liberation DNA although 
less exact than the chemical determination. possible that the initial rise viscosity explained the 
partial dissociation nucleoprotein; the reason for the secondary fall remains unclear. 


the course the experiments showed that the distribution DNA between layers and when the 
was not sufficient for its transfer layer also depends pH, although here the major part played the 
conditions centrifuging. 4.7 considerable part the DNA precipitate IV, while the 
one hand,all the RNA and polysaccharides are removed, and the other, almost all the DNA concentrated 
precipitate II, acting precipitate with phenol 7.3-7.4 can expect isolate DNA free from RNA 
and polysaccharides. 


For purification RNA used the findings Colter and Brown that pre- 
cipitates the latter [7]. 
Methods Isolating DNA and RNA 


Below give description the isolation DNA and RNA from rat livers. The method can used for 
isolating nucleic acids from other sources,also; the peculiarities procedure working with other organs are 
described below. better use rat livers after one day starvation the animal, since this lowers the 
glycogen content and makes the purification DNA and RNA easier. 


Reagents: 0.1 which contains potassium citrate, 6.5. 


sucrose which contains 0.05 potassium citrate, 6.5. 


Phenol, (to 100 phenol saturated with water add 0.4 KOH and again add water 
saturation). 


Phenol, 7.3-7.4 (to 100 phenol saturated with water add KOH, add water satu- 
ration, and add small excess water). 


Ether which contains 6-7 drops glacial acetic acid per 100 ml. 

0.14 NaCl. 

Homogenization. The isolation the nucleic acids was carried out refrigerated room. 


Homogenization was carried out one the following more less equivalent ways, depending the 
amount material. 
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25-100 rat liver was cut finely with scissors and given preliminary grinding weak Potter- 
Elvehjemhomogenizer with vertical traction, with two volumes sucrose —0.05 potassium citrate and two 
passages through glass bacterial added seven volumes 0.14 and filtered through one 
layer gauze. The sucrose was used supply viscosity sufficient for work the bacterial mill. 


5-10 liver was cut with scissors and homogenized with two volumes sucrose 


potassium citrate Potter-Elevehjem homogenizer for 2-3 min. The homogenate was filtered through one 
layer gauze. 


rat liver was cut with scissors, frozen, and treated Waring blendor for one-two min with 
volumes 0.1 potassium citrate. The homogenate was filtered through one layer gauze. 


Separation RNA and DNA. the filtered homogenate was added equal volume phenol, 6.0, and 
was shaken shaking machine (at maximum speed) for min. The mixture was centrifuged (40 min 
2000 g), result which treatment,four successive layers formed (Fig. 2). The water phase contained RNA, 
polysaccharides (chiefly glycogen) and low molecular weight substances (nucleotides, amino acids, etc.), the 
white precipitate contained the chief mass desoxyribonucleoproteins and protein insoluble phenol, layer III 
held chiefly the proteins soluble phenol, and the brownish precipitate had most the DNA and proteins. 


Layer was drawn off and kept; layer and layer were collected separately, and layer III was discarded. 
added phenol, separately layers and IV, slightly supersaturated them with water amount equal 
half the original, stirred energetically and added 0.14 amount equal the volume phenol. 
The mixture was shaken for min shaking machine and centrifuged min 2000 both portions 
layer was again drawn off and combined with layer obtained after the first shaking. rule, after the 
second centrifuging the DNA was found layer and the latter was collected and layer was discarded. 
Layer was energetically shaken with phenol, equal volume 0.14 was added, was shaken 
min and centrifuged After the third centrifuging, layer contained very little RNA and was 
discarded with layer and the very small layer Layer which contained the DNA, was carefully kept. 


Since the distribution DNA between layers and depended not only the the phenol, but 
also the speed centrifuging and the voluine the tubes, then applying the method important test 
the distribution DNA between these layers. our experiments, after the second treatment, almost all the DNA 
was concentrated layer II. 


Isolation highly polymerized RNA and purification the RNA. For the isolation RNA the water extracts 
after the first and second centrifugings were combined and precipitated with 1.5 volumes alcohol. The preci- 
pitate was collected centrifuging, dissolved the minimum amount water, centrifuged remove the in- 
soluble particles, equal volume added, and the mixture allowed stand two hours (or overnight 


the work was interrupted) the cold precipitate the “highly polymerized" RNA [7]. The precipitate ("highly 
RNA) was separated centrifuging. 


The supernatant liquid contained considerable part the RNA and the polysaccharides which, the liver 
was taken from starved animals, were comparatively small quantity. the latter case the polymerized” 
RNA was precipitated with 1.5 volumes alcohol and reprecipitated from water alcohol. necessary, more 
complete purification the "slightly polymerized" RNA from polysaccharides can given the procedure 
Kirby with extraction methoxyethanol [1]. 


The precipitated sodium salt “highly polymerized" RNA was washed once twice with NaCl, dis- 
solved water, cleared centrifuging, and precipitated with alcohol. precipitation with NaCl, 
the glycogen remained the solution and pure RNA precipitated; the case high glycogen content the 


Separation and purification DNA. Precipitate obtained after the third centrifuging was transferred 
flask and the same volume phenol added the first phenol treatment, but was brought 7.3-7.4 and 
somewhat supersaturated with water, then shaken energetically. this the precipitate assumed fibrous 
structure directly because extraction the protein and liberation the DNA gel. added equal volume 
0.14 NaCl and shook rather weakly for one hour. Then the mixture either stood overnight was once 
centrifuged for one hour 2000 After centrifuging, the mixture was separated into layers and Layer 
was usually absent. Layer was collected, possible without contaminating with layer II, and layers and 


were shaken with new portion 0.14 NaCl. was repeatedly centrifuged and collected. The 
combined extracts contained most the DNA (80-90%). The rest the DNA, evidently for mechanical reasons 
(high viscosity) was retained with precipitate II. the DNA solution,for removal phenol,we added 1.5 volumes 
ether which contained some acetic acid, needed that the the solution when the phenol was removed 
should not rise because the free KOH. The solution was shaken with ether and the excess ether was drawn off, 
and was centrifuged for min 6000 The water phase was carefully collected without contaminating with 
the precipitate which formed the water-ether interface. Then the sodium salt DNA was precipitated 

alcohol (1.5 volumes), washed with absolute alcohol, ether, and dried vacuum over CaCl,. When the 

DNA was used for physicochemical studies, after precipitation with alcohol was dissolved 0.1 0.2 NaCl 
and separated from the insoluble particles centrifuging 18,000 


Procedure for raising the yield purity the deproteinated precipitate which contained 
DNA could obtained with the organic anions used Kirby, especially PASA. For this purpose precipitate was 


shaken not with phenol, 7.4, but with solution phenol saturated with water which contains 0.3 
Then equal volume water was added with shaking and centrifuging for hour. The water layer was col- 
lected and the procedure repeated once more. Further purification was carried out the basic variant, except 
that the ether did not contain acetic acid. 


When PASA was used the precipitate was less than when phenol, 7.4, was used, since PASA evidently 
permitted the solution larger amount protein the phenol. Due this, the yield DNA was somewhat 
increased. However, the purity the preparation under the influence PASA was not raised. 


Precipitate occupied still less volume when used for the deproteinization,phenol, 7.4, which con- 
tained 0.3 PASA. Starting from this, can consider expedient when must obtain greater quantitative 
yield use phenol, 7.4, which contains PASA. 


order raise the purity RNA DNA preparations, particularly decrease the protein impurities, 
repeatedly shook the resulting solution nucleic acid, after phenol treatment, with phenol, after which was 
centrifuged and the water phase was collected. The best purification was attained double extraction the 
phenol from the water phase ether. The amino acid content the DNA preparation then was about halved. 


Peculiarities separating nucleic acids from other tissues. whole, the procedure for the isolation 
DNA from other tissues analogous that described for rat liver. the case the thymus gland and the spleen, 
important increase the volume solutions the deproteinization DNA that the DNA content 
about 200-400 the water phase. Correspondingly, necessary decrease the volume solutions 
work with organs poor DNA (for example, the brain). dealing with tissues which contain little RNA 
(thymus, spleen) can limited two shakings with phenol, and not change the phenol, but use for 
both extractions. work with calf thymus gland, layer almost not formed. 


The yield RNA was determined work rat liver and thymus,where usually reached about 85-90%, 
which 80% the RNA was removed after the firstextraction. The amount RNA precipitated 
NaCl was, for the rat liver, about 1/4 1/3 the total amount RNA (precipitated cold TCA). 


Since addition phenol suppresses the nucleases, treatment after the first step (homogenization) can 
carried out room temperature. 


Hastening the procedure for isolating DNA from small amounts material. work with small amounts 
tissue (10-20 can hasten the treatment considerably using centrifuging with greater factor separation. 
work with the MOM centrifuge which gives about 7000 separation the layers the isolation RNA occurs 
min, and the isolation DNA, min. The time shaking when small volumes are used can also 
somewhat shortened (to 15-20 min). result,the whole process isolating DNA can carried out 


Analysis the Resulting Nucleic Acid Preparations 


The dry DNA preparations contained 9.15% and The ratio N/P 1.67, which characteristic 
for nucleic acids free from admixtures proteins. The content protein contaminants for different preparations 
ranged from 0.2 0.7%, depending degree purification. Usually the content dicarboxylic acids was 
somewhat higher than that diamino acids. DNA preparations isolated from calf thymus the RNA content 
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was DNA from rat liver, 1.0-2.0%, The maximum absorption DNA was 257 €(P)* 
for different preparations corresponded 6100-6600. According the data Kirby, low €(P) shows not only 
the native character DNA, but also its purity with respect denatured The characteristic viscosity 
varied different preparations between 4500 and 5900, figures characteristic for DNA with molecular weight 

[19]. 


Preparations the sodium salt polymerized" RNA contained and 14.8% (N/P 1.71). 
The biuret reaction with RNA was negative. DNA was not found the RNA preparations. The absorption 
maximum the solutions lay 258 6500-6600. 


Preparations “slightly polymerized" RNA, since the methoxyethanol extraction was not carried out, were 
less pure and their phosphorus content was about 7-8%. They could some contaminated with acid- 
soluble nucleotides. 


Experiments Study the Mechanism Deproteinization and Desoxyribonucleo- 


proteins 


order study some phases the mechanism deproteinization desoxyribonucleoproteins, carried 
out experiments artificial nucleoproteins obtained mixing DNA solutions and number proteins 0.14 
NaCl. First showed that nucleoproteins isolated from calf thymus (by the method Mirsky and Pollister [20]) 
and precipitated dilution could deproteinated the system phenol, 7.4-0.14 phenol, con- 
taining 0.3 Nonneutralized phenol without addition organic anions did not cause deproteini- 
zation. 


Hence, deproteinization occurs with isolated nucleoproteins, which can thus serve material for obtaining 
DNA. The experiments artificial nucleoproteins are shown the table. 


Effect Nature the Reacting Substances and the Order Their Addition Deproteinization Phenol Arti- 
ficial Nucleoproteins 


Experi- Substance added the system Water Intermediate 
ment No. (II) 


Phenol layer (III) 


DNA 
DNA P-7.4! 
DNA P-PASA! 
EDTA DNA 
EDTA DNA 


RNA-ase DNA DNA-RNA-ase 


RNA-ase DNA P-PASA! 


DNA! 


RNA-ase DNA NaCl P-4.7! 


RNA-ase DNA P-4.7! 


Designations: histone; P-4.7) phenol, 4.7; P-7.4) phenol, 7.4; P-PASA) phenol containing 0.3 PASA; 
EDT ethylenediamine tetraacetate; ribonuclease; chymotrypsinogen; shaking. After shaking, 


DNA-H 


DNA-H 


DNA-RNA-ase 
DNA-CT 


RNA-ase 
RNA-ase 


RNA-ase 
RNA-ase 


the mixture was centrifuged and the content protein and DNA was determined layers II, and 


Molar coefficient extinction DNA calculated per atom liter. 
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assumed that one the important points the action the phenol would the solubility the 
protein found the composition the nucleoprotein. Therefore,in experiment histone was extracted from 
calf thymus and shook solution histone with different volumes phenol different values. 
found that histone was soluble only neutralized phenol and its transfer into the phenol was completed the 
same for the deproteinization DNA. When shook with phenol, 4.7, histone was found precipitate 
The addition PASA the phenol also led its ability dissolve histone. 


connection with the idea Kirby the role binding metals for deproteinization DNA, studied 
the effect 0.1 and also 0.01 ethylenediamine tetraacetate the results phenol treatment 
artificial nucleoproteins (ratio protein DNA experiment (Table shows, neither the addition 
divalent cation nor its binding into complex affects the reaction, which goes the same way without 
these outside 


For study the role the proteins phenol prepared artificial nucleoprotein from 
DNA and proteins like IET histone and alkaline medium, but soluble phenol 4.7, namely, with 
chymotrypsinogen and with ribonuclease. Deproteinization these nucleoproteins occurred when they were 
shaken with phenol, but, work with nucleohistones, only neutralized phenol when PASA was added 
(experiment 3). Hence, for deproteinization desoxyribonucleoproteins another factor plays decisive role, 
probably especially the partial dissociation the nucleoproteins under the influence anions with the formation 
p-aminosalicylate phenolate the basic protein. 


test this idea dissolved the nucleoprotein which contained chymotrypsinogen ribonuclease 
and shook with phenol, 4.7. NaCl causes dissociation nucleoproteins [20]. result, DNA was 
fully liberated and passed into the water layer (experiment 5). the other hand, shook the solution 
nucleoprotein, which contained histone NaCl, with phenol, 4.7, all the DNA passed into the precipitate 
between the water and phenol layers. This experiment showed that both factors: dissociation and the following 
solution the protein phenol are needed for the successful liberation DNA. the protein (histone) insolu- 
ble phenol, then even after has been treated with phenol and entered the intermediate phase, addition the 
mixture free DNA (2/3 the histone) and shaking the final mixture results full binding all the added 
DNA. With solution phenol the protein, binding does not occur, and the added DNA remains the water 
phase (experiment 4). 


Finally, the nature the factors which cause dissociation important. Evidently because the great 
solubility phenol, organic anions are more effective than, for example, NaCl. the latter added the 
DNA-chymotrypsinogen complex even after the phenol, 4.7, then spite long shaking hour) DNA 
remains fully bound. When added the DNA-ribonuclease after its treatment with phenol, 4.7, 
and shaken for hour, part the DNA enters the water layer, but most (70-75%) remains the pre- 
cipitate (experiment 6). 


also carried out preliminary experiments with artificial ribonucleohistones obtained mixing solutions 
RNA and histones (RNA/histone 2/1). The ribonucleohistones were shaken six times with phenol, 
water, with removal the water phase after each shaking; result, part the RNA was removed. The histone 
thus formed layer between the water and phenol phases centrifuging. Then the precipitate was shaken with 
which itdissolved. RNA was found the water layer, histone the phenol layer. The 
ratio RNA-histone was 1/3. Thus, histone can keep not only DNA but also RNA the insoluble state when 
shaken with phenol, 4.7, when the RNA combined nucleohistone, but the amount RNA bound 
histone less than the amount DNA. 


Therefore can believe that the results the phenol treatment the nature the protein which enters 
the nucleoprotein complex has greater effect the character the bond than does the nature the nucleic 
acid. Thus, the presence electrovalent bonds requires the addition substances which dissociate the complex, 
and the presence histones the nucleoprotein requires substances which make histones soluble phenol. 
therefore possible that the deproteinization RNA phenol (pH 4.7-6.0) occurs because there are,in the 
which are soluble phenol and they are bound RNA chiefly hydrogen bonds. 

the case desoxyribonucleoproteins there reverse relation, and for deproteinization DNA there must 
either increased the phenol, the addition organic anions. 
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From this point view, admixtures RNA DNA preparations can depend the presence the tissues 


different types ribunocleoproteins. However, very probable that this occurs mainly simply because 
incomplete extraction. 


SUMMARY 


have described method obtaining RNA and DNA from the same sample tissue, based the 
phenol method isolating nucleic acids Kirby. consists liberating RNA shaking the homogenate with 
phenol 6.0, separating the desoxyribonucleoprotein precipitate, and liberating the DNA from shaking 
with 7.4. have described different modifications the method. 


the basis experiments with artificial nucleoproteins have concluded that the value neutralizing 


the phenol adding organic anions liberate DNA lies the dissociation the nucleoprotein complex and 
the assurance solubility histone phenol. 


thank Prof. Zbarskii for his consideration this work and his valuable advice. 
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SUCCINIC OXIDASE AND MALIC OXIDASE THE STRUCTURAL 


ELEMENTS MICROCOCCUS LYSODEIKTICUS 


Bakh Institute Biochemistry, Academy Sciences, USSR, Moscow 


have shown previously [1] that enzyme systems which oxidize malic acid (malic oxidase) and succinic 
acid (succinic oxidase) with the absorption oxygen, are characterized differing sensitivities destruction 
cell structures. Malic oxidase was found both the protoplasts and the cytoplasmic membranes obtained from 
them, the the other hand, the action succinic oxidase was suppressed even the protoplasts obtained 
comparatively high phosphate concentrations the medium (0.3 and was usually not found the 
all. 


the present work have tried find the threshold destruction protoplasm structure for the inhibition 
malic oxidase and also work out the mechanism inactivation for this system and for succinic oxidase 


METHODS 


these experiments used culture the bacterium Micrococcus lysodeikticus, Fleming strain. Culturing 
the bacteria and obtaining the bacterial mass were carried out according the method described earlier [2]. 
used lysozyme from the firm and desoxyribonuclease from the firm Lachema. Lysis was carried out 
0.001 phosphate buffer, 7.4. One lyzate contained bacterial mass (25% dry weight). 
the experiments measurements oxygen absorption the presence phenazine methosulfate, the weight 
bacteria was mg/ml. bacterial suspension added 0.05 0.1 phosphate buffer which con- 
out for min 37°. Oxygen absorption was measured the method described earlier [1]. Manometric determi- 
nation oxidation the presence phenazine methosulfate was carried out the method Singer and Kearney 
The synthesis phenazine methosulfate from phenazine was carried out the method these authors. 
hydrogen acceptors used diphosphopyridine nucleotide (DPN) 90% and triphosphopyridine nucleotide (TPN) 

from the firm Light, flavinadeninedinucleotide (FAD) 91.5% from Uroko Brand, cytochrome, phenazine metho- 
sulfate (PM), and 2,6-dichlorophenol indophenol 


Determination the reduction the hydrogen acceptors was carried out Thunberg tubes adapted for 
measurement SF-4 spectrophotometer. The amount light scattering the lyzate was slight. placed 
lyzate the tube, and the case determination with 2,6-dichlorophenol indophenol and phenazine 
methosulfate, 0.25 ml. The amount lyzate the experiments reduction succinic acid was ml. 
Then added ml, and the case experiments with 2,6-DPI, 2.75 0.02 phosphate buffer, 7.4. 
the experiments with reduction DPN and concentration buffer was 0.05 and the values 9.0 and 
added the bulb 0.1 solution sodium DL-malate. The acceptor was added 
the bulb the tube along with the substrate the following amounts: DPN 500, TPN 100, FAD 400, 150 yg. 
Cytochrome was used quantity such that the final extinction phosphate buffer 550 was 0.180. 
The 2,6-DPI solution was prepared described before [1]. Determination the oxidation reduced diphosphopyri- 
dinenucleotide (DPNH) 60%, from the firm Light was carried out 0.05 phosphate buffer, 9.0, with oxaloacetic 
acid (0.1 0.5 M). The amount DPNH the tube was 250 The total volume reaction mixture all 
the spectrometric determinations was ml. All the determinations except the experiments with 2,6-DPI were car- 
ried out after evacuation the mixing the contents. Reduction was carried out the 
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The experiments with and FAD took place 38°, the other spectrophotometric measurements 20°. The 
concentration was such that the leuco dye did not give turbidity. 


Malic Oxidase the Lyzate 


order determine the threshold destruction protoplasm structure below which action malic 
oxidase occurred, carried out experiments determination the activity this system bacterial lyzates 
obtained the absence stabilizing factors, and without protoplasts. For this purpose the cells were lyzed 
0.001 phosphate buffer and gave opalescent, yellow lyzate. showed that such lyzate 
the presence malic acid absorbs oxygen and that this process reaches intensity 50-70% that 
protoplasts obtained from the same amount bacteria 0.5 phosphate. Thus showed that the enzyme 
systein which transfers hydrogen from malic acid oxygen retained the osmotically unstabilized lyzate and 
thus has great stability toward the destruction protoplasm structure 


According the data Alexander and Wilson [4], and also Bruemmer and co-workers [5] follows that 
extracts from vinelandii there fraction structural elements which sediments very high rates, the 
order 100,000 and which contains malic oxidase. The fraction obtained centrifuging the bacterial lyzate 
rates the order 100,000 contains only granules with diameter 100-200 since such experiments, 
all the larger structural elements are removed preliminary centrifuging 20,000 


The results these authors contradict the data Mitchell and Moyle [6], Storck and Wachsmann [7], and 
Cota-Robles, Marr, and Nilson [8], who studied the localization enzymes number bacteria and considered 
that the malic oxidase localized the cytoplasmic membrane and found the granules only result 
destruction the membrane. Evidently this question the localization the malic oxidase Micrococcus 
lysodeikticus cannot solved simple analogy with other the findings different authors show 


individual localization the enzyme different bacteria, and some cases, even the same organism; this 
can explained the methods treating the cells and following isolation the system. 


For solution the question whether the malic oxidase bound with structural elements the full 
lyzate, ran experiments explain the relation oxidation malic acid concentration the bacterial 
lyzate under conditions which the amount bacteria was kept constant. The lyzate, prepared Warburg 
buffer, 7.4. such experiments, the concentration lyzate (1, 1:2, 1:5, 1:10) varied, but the absolute 
amount remained the same. such lyzates, which differed only the concentration the original bacterial 
mass, measured the oxygen absorption with constant amount substrate (0.01 M). 


showed that the limits lyzate concentration from 1:5 the intensive oxidation malic acid 
was almost unchanged (50 bacterial mass) min; sharp fall activity was 
observed only lyzate dilutions 1:10. 


These experiments allow conclude that the enzymes which oxidize malic acid are strongly bound 
the structural elements the cell which are not destroyed lysis osmotically unstabilized medium. the 
contradictory case diluted lyzate there would full disorganization the system and fall intensity 
oxygen absorption. Findings the electron microscope show that lyzates obtained medium which does 
not contain stabilizing factors contain "ghosts," which account also refer them, analogy with our 
earlier results, the action the malic oxidase system. 


The transfer hydrogen from malic acid oxygen according the data the literature process 
which requires the participation several enzymes. Thus, Alexander and Wilson [4] consider that this action 
participants are found malic dehydrogenase, flavin enzymes, and the cytochrome system. the opinion 
Cohn [9] along with malic dehydrogenase, whose coenzyme diphosphopyridine nucleotide, there enzyme 


the cells Micrococcus lysodeikticus which carries out the dehydrogenation malic acid without the participation 


DPN. have tried define the composition this enzyme system. agreement with the literature data 
our experiments showed that the bacterial lyzate there reduction DPN the presence malic acid 

min with maximum absorption 340 my). also measured the reverse reaction oxidation 
DPNH oxaloacetic acid with the help malic dehydrogenase (AEs should observe that 
the absence the substrate there oxidation DPNH the lyzate (AEs This oxidation 
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DPNH evidently occurs because there the lyzate some quantity endogenous substrate. the presence 
excess malic acid, oxidation DPNH suppressed. Triphosphopyridine nucleotide also reduced the presence 
malic acid Thus, evidently, the primary dehydrogenation malic acid the bacteria 
under study occurs one two enzymes which require DPN TPN coenzymes. 


Further experiments were undertaken explain the nature the terminal oxidation system which the 
oxidation pyridine nucleotides and the absorption oxygen occur. 0.0015 KCN does not hinder the oxi- 
dation malic acid the full lyzate. Suppression oxidation occurs only KCN concentrations 0.01 
which, believe, cannot indicate participation the cytochrome system the direct indirect oxidation 
the pyridine nucleotides because such high concentrations KCN other enzymes are also inhibited. the 
protoplasts and intact cells,inhibition malic acid oxidation not found even concentrations 0.01 KCN 
the medium, while oxidation the succinic acid, which the cytochrome system shares directly, inhibited 
the extent 70-80% under these conditions. These results allow assume that the studied bacteria there 
path oxidation pyridine nucleotides without participation cytochrome oxidase. Starting from this 
assumption studied the reduction flavin adenine dinucleotide the lyzates decrease absorption 450 
general, not found. Our results indicate that two enzymes are found especially the system for the oxidation 
malic acid; pyridinenucleotide dehydrogenase and flavoprotein dehydrogenase. 


These results not agree with the opinion Alexander and Wilson and also Bruemmer [4, who 
assumed significant share for the cytochrome system the oxidation pyridine nucleotides the basis 
experiments with vinelandii. Along with this, the possibility the oxidation reduced pyridine nucleotides 
flavin enzymes without participation the cytochrome system has been shown number studied [10-12] 
carried out with different types bacteria. 


Suppression Activity Malic Oxidase Lyzates Obtained Treatment Cells 
with Lysozyme and Desoxyribonuclease 


Full inhibition malic acid oxidation can produced simultaneous action the bacteria lysozyme 
and desoxyribonuclease. Perfectly clear lyzate which not viscous does not absorb oxygen the presence 
malic acid. Probably treatment the lyzate leads change the definite structure the 
elements and destruction the coordinated action the enzyme systems. 


Starting from this, compared the activity the separate enzymes the composition the system 
which oxidize malic acid the lyzate obtained the absence and the presence 


Treatment DNA-ase does not affect the activity malic dehydrogenase, which the primary dehydro- 
genator malic acid (Fig. 1). However, the reduction FAD the treatment with lyzate affected strong 
degree, (Fig. 2). Besides the general slowing reduction FAD lyzates treated with there 
delay the beginning the process. Some idea the point injury the enzyme system can given 
experiments the reduction hydrogen acceptors which have different values for the oxidation-reduction 


potential and different degrees specificity and incorporation into different stages the transfer hydrogen 
the enzyme chain. 


acceptors used phenazine methosulfate (absorption maximum 387 my), 2,6-dichlorophenol indophenol 
(absorption maximum 600 my); the hydrogen donator used malic acid. The data given Fig. show that 
like FAD, and are reduced more slowly lyzates obtained the simultaneous action lysozyme 
and DNA-ase. The fact that reduction FAD, PM,and 2,6-DPI lyzates treated with slowed down, 
but the action malic dehydrogenase, measured reduction DPN and treatment has effect 


permits assume that hydrogen transport destroyed when the relation between dehydrogenase and flavopro- 
tein destroyed. 


The fact remains unexplained that reduction FAD the lyzate with DNA-ase inhibited min 
only 50%, and the absorption oxygen this lyzate completely inhibited. possible that between the 
DPNH oxidase which contains FAD and the oxygen the air there another sort enzyme, that the oxidation 
itself the enzyme goes differently with oxygen the air lyzates which have been treated with 
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min 
Fig. Reduction DPN, TPN and cytochrome lyzates 
treated (1) and not treated (2) with DNA-ase. 
DPN; TPN; cytochrome. 


Fig. Reduction flavin adenine dinucleotide, phenazine 
methosulfate, and 2,6-dichlorophenol indophenol lyzate 
treated (1) and not treated (2) 

FAD; PM; 2,6-DPI. 


this connection should observe that reduction cytochrome occurs with the same intensity the 
lyzates which have compared (Fig. 1), although oxygen absorption fully suppressed. The absence inhi- 
bition reduction cytochrome shows that can oxidize the pyridine nucleotides the studied bacteria 
directly but that the hydrogen and electrons does not through the cytochrome system, 
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since damage structure not reflected the rate this process though completely inhibits the oxidation 
malic acid. 


Lyzates treated untreated with were centrifuged 22,000 for min. result, 
lyzates not treated with separated into clear supernatant liquid with yellow 
precipitate the form gel, and the lyzates treated with separated into clear supernatant liquid 
whitish color and small, dense, brownish precipitate. The oxidation malic acid with oxygen absorption 
occurred only the precipitate obtained from lyzates which were not treated with DNA-ase. the electron 


microscopic observations showed, such precipitate contained cytoplasmic membranes, The supernatant 
liquid contained only granules and soluble proteins. 


These findings agree with our previous results that the oxidation malic acid occurs the "ghosts" ob- 
tained from protoplasts. the supernatant liquid which contains granules, oxygen absorption the presence 
malic acid does not occur, but reduction does occur, with AEs min for supernatant liquid. 
The reduction FAD also observed the supernatant liquid with AEg min Thus, although the 
supernatant liquid there are enzymes which participate the oxidation malic acid, yet the process transfer 
hydrogen oxygen does not occur, which evidently connected with the full destruction the spatial 
organization the system. Evidently, treatment with which produces visibly the loss viscosity 


the lyzate, also leads some change the cytoplasmic membrane, the "ghosts." This question now being 
studied. 


Localization Succinic Dehydrogenase the Lyzate Fractions and the Reason 


for Inhibition Succinic Oxidase 


contradistinction the enzyme systems which oxidize malic acid, succinic oxidase does not act, even 
lyzates which have not been acted DNA-ase. 


This finding agrees with the previous results that the action the succinic oxidase system expressed 
the transport electrons (hydrogen) from succinic acid oxygen occurs only intact cells and the protoplasts 
obtained from them. the cytoplasmic membrane obtained either from the protoplasts direct lysis the 
osmotically unstabilized conditions, action the full succinic oxidase system found. 


Injury the succinic oxidase system, shown the absence oxygen absorption the lyzate with succinic 
acid substrate can come from different causes. order test the activity the succinic dehydrogenase 
the lyzate deprived succinic oxidase activity measured the reduction and also the oxidation 
reduced succinic The reduction 387 was expressed the value min 


The oxidation was determined according Singer 38°. The oxygen absorption under these 
conditions without dye was pliter (50 bacteria) min, and the presence dye, 


These experiments confirm the presence succinic dehydrogenase the complete lyzate, where, however, 
not find oxidation succinic acid with oxygen absorption. relative idea the degree activity 
succinic dehydrogenase under such conditions and the degree its destruction further oxidation can given 
experiments which comparisons are made the activity succinic dehydrogenase and malic dehydrogen- 
ase, measured reduction with different substrate concentrations. This acceptor reduced three four 
times faster the presence malic acid than the presence Starting from the amount oxygen 
absorbed the lyzate due oxidation malic acid, the absorption oxygen the presence succinic acid 
should expressed, other things being equal (30°),by value the order 20-25 (50 bacterial 
mass the lyzate). However, such lyzate 30° usually does not absorb oxygen the presence succinic acid, 
which can evidently explained inactivation the oxidizing enzymes. 


The reduction convincing evidence for judging the presence succinic dehydrogenase, since 
the most specific all the acceptors which studied [3]. measure the activity the enzymes the succi- 
nic oxidase complex above the level succinic dehydrogenase the cytochrome field, one the suitable acceptors 
2,6-DPI. Experiments measuring the reduction this acceptor the whole lyzate, where oxidation 
succinic acid does not occur, show that the rate reduction very small. This injury the transfer hydrogen 
2,6-DPI appears especially clearly the dehydrogenation succinic acid comparing rate reduction this 
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mass The slow reduction with succinic acid also demonstration the 
damage the terminal link the succinic oxidase chain. 


With respect the composition the succinic oxidase the bacteria there evidence that this system 
vinelandii manner analogous that animal cells [5]. includes succinic dehydrogenase 
with prosthetic group the form flavin and nonhemin iron, cytochrome by, and and the bacteria 
which studied, according the above data, oxidation succinic acid inhibited the protoplasts 0.01 
KCN which shows the participation metal-containing oxidases. According the data Jackson and 
Lawton [13], the cells lysodeikticus contain cytochrome and a,along with 


The earlier experiments showed [1] that malic oxidase whole, and also part the succinic oxidase 
system which reduce are localized the obtained lysis the protoplasts was shown 
experiments with lyzates osmotically unstabilized media, these contain structural elements which consist 
granules and cytoplasmic membranes, already mentioned above, oxidation malic acid with 
absorption oxygen occurs only the fraction obtained 22,000 and which contains Under such 
conditions obtained precipitate which, expected, did not find oxidation succinic acid. was 
important test for the presence succinic dehydrogenase the structural elements obtained the lysis 
bacteria osmotically unstabilized media order draw conclusions the possibility common local- 
ization malic oxidase and succinic oxidase. 


After had centrifuged, brought the preci- 
pitate the original volume with 0.001 phosphate 
buffer and determined the activity the succinic 


Reduction Succinic Dehydrogenase the 
Lysate Fractions After Centrifuging 22,000 


liquid, precipitate fraction, and also the original lyzate. 
order determine the specific activity the pre- 
cipitate, freed the gel from accompanying structural 
Lyzate 0,258 0,430 elements treatment the bacteria with lysozyme 
Supernatant 
liquid 0,124 0,470) 0,264 The data given the table show that the 
0,210 0,363 supernatant liquid and the precipitate there are 
Precipitate 0,147 0,060) 2,450 approximately equal parts the activity the original 
Supernatant 
liquid, from which conclude that the succinic dehydro- 
genase localized the cytoplasmic membrane 
The figures given the table are averages the structural elements which are connected it. 
4-5 experiments. particularly high specific activity found the precipita- 


obtained centrifuging the lyzate treated with 
ase. Since the cytochromes are also localized the membranes [13], evident that the point localization 
the succinic oxidase also should the cytoplasmic membrane. However, the process lysis there damage 
the multicomponent system succinic oxidase, while the system malic oxidase, which includes smaller 
number components, retained. 


SUMMARY 


The system enzymes which oxidize malic acid, malic oxidase, stable destruction protoplasm 
structure. found protoplasts, cytoplasmic membranes obtained from protoplasts, and also lyzates ob- 
tained lysis cells osmotically unstabilized media. The action the system enzymes which oxidizes 
malic acid fully inhibited lyzates obtained result simultaneous action the cells lysozyme and 
the lyzates cells submitted the action DNA-ase and lysozyme, the separate components 
the system for oxidation malic acid are malic dehydrogenase flavoproteins but the coordination 
between them broken, which shown the slowing the transfer hydrogen and the complete inhibition 


oxygen absorption. The system for oxidation malic acid connected with the cytoplasmic membrane, the 
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Succinic dehydrogenase localized the cytoplasmic membranes ("ghosts"). Succinic oxidase character- 
ized high sensitivity destruction the protoplasmic structure. Oxidation succinic acid occurs neither 
the lyzates nor the cytoplasmic membranes. Succinic dehydrogenase found the lyzates, but the transfer 
hydrogen the following acceptors slowed, evident from experiments reduction 2,6-dichlorophenol 
indophenol. When the cell structures are destroyed, the action succinic oxidase inhibited because 
inhibition the cytochrome portion the enzyme system. 
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THE PROBLEM NITROGEN METABOLISM FISH MUSCLES 


Sorvachev 


Department Animal Biochemistry, Lomonosov Moscow State University, Moscow 


During winter starvation under natural conditions incarp, considerable change metabolism has been 
observed. the muscles there decreased content nitrogen, fat, and carbohydrate, and also decrease 
total concentration protein the blood serum [1]. 


Electrophoretic study the protein fraction carp blood serum for mirror and scaled varieties has shown 
that the fractional composition them also depends ecological conditions. these,the species differences 
composition the blood serum protein fractions were less pronounced than the differences which occurred 
connection with changes the conditions habitation and rearing [2]. 


the present investigation have tried follow the characteristics nitrogen metabolism the muscle 
extractives for mirror and scaled carp under ordinary conditions habitation during the winter hibernation. 


The fish were taken from the ponds the Red Banner State Farm the Moscow region. For each 
investigation definite periods took group 3-5 two-year-old fish and 15-20 one-year-old fish from 
natural hibernation and from the aquarium. The total nitrogen the muscles was determined the Kjeldahl 
method. Proteins were precipitated from the muscle homogenate trichloroacetic acid, defatted, dried 
constant weight, and the protein nitrogen them determined. the supernatant liquid studied the 
soluble nitrogenous substances for amino nitrogen, ammonia, amino acids, creatine, and creatinine [3] and 


components the adenine system. The amino acids were determined the chromatographic method 
Bode [5]. 


RESULTS 


During the period winter starvation carp, along with decrease total and protein nitrogen and the 
muscle, found also change the ratio components the nitrogen extractives muscles (Tables and 
3). The amount protein nitrogen the muscles two-year-old mirror carp the beginning winter was 
2.82% and the beginning May, 2.53%, that is, loss 290 per 100 wet weight. scaled carp the 
same period there was loss 420 protein nitrogen muscle, the same time, spring, there was 
decrease amino nitrogen, chiefly because amino acids. The amount nitrogen free amino acids and 
creatine the muscle extracts from hibernating fish was not constant. Thus, the beginning hibernation the 
amount amino acid nitrogen mirror carp was 182.1 mg, creatine and creatinine nitrogen 149.2 mg, per 100 
wet weight muscle. For the scaled carp the figures were 175.9 and 152.9 mg. 


After two-month starvation found the mirror carp decrease amino acid nitrogen 140.3 mg, and 
creatine and creatinine nitrogen,to 143.4 mg. the middle January the amount amino acid nitrogen 
again increased and reached the initial level, 180.7 mg. the same time, the amount creatine and creatinine 
nitrogen continued decrease. March the level amino acid nitrogen fell 144.0 mg, the end April 


*In the experimental work Kazarovets, Kolenchuk, and Syrova the Lomonosov Moscow State 
University took part. 
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TABLE 


Nitrogenous Substances Muscle Mirror Carp During 


Uniden- 
tified 


AMP compounds 


nitrogen, 
residual 


136,9 
96,8) 
133,4 
156,8 
162,8 


100 wet weight. The amount nitrogen per 100 dry weight muscle 
carp taken from natural hibernation different times remained constant and equal- 


TABLE 


Nitrogenous Substances the Muscles Scaled Carp During 


Uniden- 
tified 
compounds 


ine 


8) 


residual 
creatin 


*Per 100 wet weight. The amount nitrogen per 100 dry weight muscle 
carp taken from natural hibernation different times remained constant and equaled 
the average 15.6%, 


TABLE 


Nitrogenous Substances the Muscles Mirror Carp During 


Uniden- 


compounds 


nitrogen, 


Protein 
residual 


OND 


100 wet weight. The amount nitrogen per 100 dry weight muscles 
carp taken from natural hibernation different times remained constant and equaled 
the average 15.6%. 
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TABLE 


Change Amino Acid Content Muscle Extracts Two- 
Year-Old Mirror Carp During Hibernation 
(in nitrogen/100 wet weight) 


Date analysis 


Amino acids 


found 
Aspartic 
acid 5,7| Traces 5,0 
Glutamic 


TABLE 


Change Amino Acid Content Muscle Extracts 
Scaled Carp During Hibernation 
(in nitrogen/100 wet weight) 


Date analysis 


Cystine 4,6 10,2 4,5 
Lysine 19,7 8,5 17,5 34,0 
istidine 51,0 44,4 42,9 23,4 
Arginine Not found 8,5 
Aspartic acid 5,4 16,3 5,0 
Glycine 42,5 44,4 51,0 24,2 
Glutamic acid 7,9 7,0 
Sarcosine 19,8 45,1 11,6 8,0 


TABLE 


Change Amino Acid Content Muscle Extracts One- 
Year-Old Mirror Carp During Hibernation 
(in nitrogen/100 wet weight) 


Date 


Aspartic 

acid 
Glycine 41,6 

Glutamic 

acid 

Sarcosine 10,5 

23,0 31,7 
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rose somewhat mg), but the beginning May fell the minimum amount, 99.4 decrease 
from the initial value 82.7 The creatine and creatinine nitrogen gradually rose from the month 
the beginning May reached 172.2 


scaled carp the change content nitrogenous substances had basically the same character. However, 
the degree this change was less,and besides, the scaled carp January did not find increase amino 
acids; the amount amino acids this time was 26.8 below the initial value. March, the amount 
amino acid nitrogen returned the initial value, but the beginning May had again fallen 50.4 mg. 


Thus, during winter starvation the two types fish,mirror carp and scaled carp showed some differences 
the change content nitrogenous substances muscle. 


more obvious shift nitrogenous metabolism muscle during starvation under natural and artificial 
conditions was found one-year-old carp. Here found increase the difference nitrogen metabolism 
and mirror carp. showed that the amount protein nitrogen the muscles 
(per dry muscle protein) different periods hibernation was constant and equaled, for one-year 
old mirror carp, average 15.6%, for two-year-old mirror carp, 15.4%, and for two-year-old scaled carp, 15.3%, 
However, spite the fact that the nitrogen content calculated dry weight one-year-old carp 
was higher than the two-year-old, the total content muscle protein these latter was, the beginning 
hibernation and the end hibernation, 16.5%, while for the individuals the corresponding 
figures were 16.58 and 14.33%. Comparisons the change content nitrogenous substances muscle were 
carried out only for and two-year-old mirror carp. 


The most obvious rise difference was shown the content nitrogen extractives muscle. Thus, 
carp the beginning hibernation, the content amino acid nitrogen calculated per 100 wet 
weight muscle was 26.6 less and the content creatine and creatinine nitrogen was 25.1 more than 
the two-year-old The minimum amount amino acid nitrogen (93.4 mg) one-year-old carp was 
observed February compared the mature carp; the beginning May the amount amino acid nitrogen 
had risen somewhat and reached 102.2 mg. The ainino acid nitrogen the muscle extractives one-year-old 
carp did not fall below this level even when the fish had been brought the limit depletion the aquarium. 


the two-year-old mirror carp the minimum content amino acid nitrogen was 99.4 and was reached 
May. 


The minimum amount creatine and creatinine nitrogen one-year-old carp was found the end 
December (117.7 mg), after which there was gradual rise and the beginning May the reached the 
initial level, 177.2 mg. characteristic that the amount creatine during the period hibernation the 
one-year-old carp was higher than the two-year-old. the carp found more obvious change 
also the composition the components the adenine Thus, the amount ATP December fell 
almost twofold, and from the beginning February began rise again, reaching the starting value the end 
March. the end April and the beginning May the amount ATP fell again. 


Change Amino Acid Composition Muscle Extracts 


Tables and give the results the quantitative determination amino acids nitrogen. The 
carp both species and the mirror carp showed the same amino acids: cystine, lysine, 
histidine, aspartic acid, glycine, arginine, glutamic acid, a-alanine, and also the tables show, 
there are evident species and growth differences the ratios the different amino the beginning 
hibernation the amino acid composition the muscle extracts mature carp the same. starvation, 
connected with hibernation, the quantitative ratio amino acids changed considerably. Thus, the amount 
cystine nitrogen the mirror carp October was mg, which about doubled during the winter 
period and, the end April reached value 2.5 times the starting level, then fell the beginning May 
6.6 mg. The cystine content muscle extracts scaled carp March had tripled; the beginning May the 
cystine content again fell, but was aboveits content the beginning winter hibernation. 


The change lysine content, the tables show, also has variable character, often falling below 
surpassing the initial value 4-5-fold. There are similar changes lysine content, but somewhat less amplitude 
noted for the scaled carp. 
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The amount histidine the the two-year-old carp during hibernation gradually falls, 
and the beginning May has decreased the one-year-old carp the amount histidine the 
muscle extracts the beginning hibernation was less 15.7 than the two-year-old, and decreased 


during the whole hibernation. the end April its amount had fallen fourfold, but May rose again 
somewhat. 


Arginine the carp muscle extracts was scanty. the beginning hibernation arginine nitrogen 
the mature carp both species was present the amount mg. December and January either 
did not find arginine the muscle extracts, found only traces. the spring appeared, but compar- 
atively small amounts, for the mirror carp 2-4-1.5 mg, and for the scaled carp 5.8-8.9 mg. found 
entirely different picture for the one-year-old carp. the beginning hibernation the arginine nitrogen content 
was 3.1 mg, that is, about 3-4 times less than the two-year-old carp. December February its amount fell 
half, but March found increase and the beginning May the amount arginine had increased 
more than 5-fold. The growth arginine content found the muscle extracts fish starved the aquarium 
was very impressive. fish which had reached the limit depletion the amount arginine the muscle 
extracts was ten times more (34 mg) than the beginning hibernation (3.1 mg). 


The amount aspartic acid nitrogen the carp October was 3.5 mg, and December 
and February observed decrease, but March, rise 4.7 mg. April the level again fell 2.7 
and the beginning May increased 5.3 mg. starvation the aquarium the amount aspartic acid 
continued rise; its nitrogen reached 6.8 mg, that is, had doubled. mature carp the content aspartic 
acid changed great extent. Thus, mirror carp the content aspartic acid nitrogen the beginning 
hibernation was 5.7 mg, the beginning December there was only trace, January its amount was twice 
the starting level (12.6 mg). the beginning March its nitrogen again dropped half, and the end 
March and the beginning April again rose 2-3 times, but the beginning May fell mg. the 
scaled carp the amount aspartic acid nitrogen October was 4.7 mg, January, 5.4 mg, the end March 
had increased 16.3 mg, and May fell mg. 


Glutamic acid the carp behaved differently. the beginning hibernation its amount was 
mg, and during the hibernation period its level dropped almost 5-fold. the two-year-old mirror carp the 
glutamic acid content October was 10.8 mg, January had increased 14.1 mg, and the beginning 
March fell half (6.3 mg). Then, the end March and the beginning April the amount glutamic 
acid increased and reached maximum, 16.1 mg, and May again fell 7.9 mg. the scaled carp, the 


contrary, during the period our observations did not find any appreciable variation the content glu- 
tamic acid. 


Glycine the muscle extracts was present greater amount than the other amino acids. the beginning 
October the content glycine nitrogen both young and more mature fish varied from 41.5 45.7 mg. 
During the winter period the amount glycine fell considerably. the carp during the winter (in 
the mirror carp January, the scaled carp, March) found small increase glycine content, evidently 


due products breakdown proteins. However, May its content all cases had fallen more than one and 
half times. 


Alanine during the winter also decreased. the beginning hibernation one-year-old mirror carp the 
amount nitrogen the muscle extracts was mg, the two-year-old mirror carp 15.4 mg, and 
the scaled carp, 16.0 mg. May, the carp the amount nitrogen had fallen 
8.7 mg, that is, threefold decrease. the mature carp the decrease was less sharp, and the 
mirror carp January the nitrogen content even increased, reaching 31.8 mg. However, the 
spring the content always falls. always found the muscle extract composition pond carp 
one more amino acid, which did not study sufficiently. This amino acid always accompanied a-alanine, 
moving with the descending chromatogram. Our preliminary data suggests that this sarcosine. The amount 
nitrogen this compound the beginning hibernation one-year-old carp 11.5 and the spring 
falls. samples taken May, sarcosine appears traces. the carp both species the amount 


sarcosine nitrogen October 19.8-20.3 mg; gradually falls and its content May 2.5 times lower than 
the initial level. 


: 
462 
= 


Thus, during winter starvation the one-year-old carp under natural and artificial conditions two con- 
tradictory effects are found muscle the one hand, there decrease the amino acids cystine, 
histidine, glycine, glutamic acid, and sarcosine. the other hand, there increase the 
amount lysine, arginine, and aspartic acid. the two-yearold carp the muscle extracts during hibernation 
the amino acid content also varies, the ratios change with definite species specificities. This demonstrates the 
characteristics the metabolism for each species fish which studied. 


SUMMARY 


During hibernation under natural and artificial conditions pond carp the content proteins and some 
amino acids the muscles regularly decreases. During the metabolism and splitting different nitrogenous 
components found the muscles there with species and stage development the fish. one- 
year-old mirror carp the change nitrogenous extractives the muscles consists ina decrease content 
cystine, histidine, glutamic acid, glycine, and and increase lysine, arginine, and aspartic acid 
content. 


the two-year-old carp during hibernation the amino acid content the muscle extracts also changes but 
differently from the one-year-old carp. 


The amino acid composition the muscle extracts mirror and scaled carp the same. Differences 
are found the change amount some nitrogenous substances, chiefly amino acids and creatine. 
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THE ACTIVITY THE DEHYDROGENASE SYSTEMS AND THE SULFHYDRYL- 
GROUP CONTENT SOME SECTIONS THE CAT BRAIN 


Yu. 


Laboratory Histochemistry, Brain Institute, Academy Medical Sciences, USSR, Moscow 


The question the comparative intensity oxidation processes different parts the brain has been the 
subject many investigations. 


According the results Lakhno, Himwich and co-workers, Kreps and co-workers and others [1-5] the 
highest activity oxidative enzymes found the cerebral cortex and cerebrum, the lowest the oblongata 
and spinal cord; the midbrain and optic thalamus occupy intermediate position. Analogous data for some 
glycolytic enzymes were obtained Palladin and co-workers [6, 7]. However, should remarked that 
these works there indication separation gray matter from white matter studying the brain stem and 
the spinal cord. Also, the present time can consider firmly established that the white matter the 
brain characterized appreciably lower level energy metabolism than the gray [4, 8-11]. Therefore, 
the mixture white and gray matter can distort the results comparative study enzyme activity different 
part the brain. 


solve the question the comparative intensity oxidation processes different brain structures 
must, our opinion, compare the intensity respiration and the activity oxidizing enzymes different parts 
the cortex and those intermediate cellular formations (nuclei) which have been analyzed the same system. The 
carrying out such investigations possible, however, only the use microchemical methods which permit 
analysis small areas the brain which have the same morphological relations. Starting from these consider- 
ations, have decided determine the succinic dehydrogenase and the endogenous dehydrogenation activity 
the following sections cat brain which enter into the cutaneous motor analyzer: the gray matter the 
cervical thickening the spinal cord, the lateral portion the thalamus, the caudate nucleus and sigmoid (motor 
zone) the cerebral cortex. the same time with the aid amperometric titration determined the con- 
tent groups the gray matter the cervical thickening the spinal cord and the motor zone the 
cortex. assumed that determination the SH-group content and dehydrogenase activity the system 
these portions the brain would allow judge definite measure the level their energy metabolism. 


For the study the dehydrogenase activity the brain used tetrazolium salts which, investigations 
recent years have shown, are much more suitable and accurate indicators dehydrogenase activity than 
methylene blue [9-20]. One the advantages tetrazolium salts is, among others, that they permit measure- 
ment with sufficient accuracy the dehydrogenase activity micro quantities 14-16]. the 
present time most authors 17-19] consider that the reduction tetrazolium salts the tissues share 
taken the complex enzyme systems which, addition the dehydrogenase itself, there are involved inter- 
mediate electron and proton carriers, especially flavoproteins has also been shown that there 
full between the rate use oxygen different tissues measured the manometric method, and 
the intensity reduction tetrazolium salts these tissues [17, 20]. Thus, both methods give adequate results 
the study oxidative processes the tissues. 
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METHODS 


The cats were killed decapitation with guillotine. Then the brain was quickly removed from the skull 
and divided into the desired sections with scalpel. The separation the gray matter from the white the 
cervical thickening the spinal cord was carried out with small, double-edged lancet after the corresponding 
sections, divided into two three blocks, had been frozen the stage freezing microtome. 


Determination succinic dehydrogenase activity. indicator succinic dehydrogenase activity 
used triphenyltetrazolium chloride. The measurement activity was carried out Thunberg tube. the 
lower wide part the tube placed 0.3 0.5 solution sodium succinate, 0.7 solu- 
tion CaCl, and homogenate which contained tissue (the tissue was homogenized glass 
homogenizer with distilled water). the upper reservoir the tube placed 0.1 phosphate buffer, 
7.7, which contained tetrazolium chloride. After had sucked off the air from the tube 
placed for min thermostat and then poured the solution from the upper reservoir into the lower 
part and shook the tube the thermostat with shaking device for min 37°. the end incubation 
added butanol saturated with water the tube and shook and centrifuged. The optical density the 
butanol extract was measured photoelectric colorimeter with green filter. calibration curve was con- 
structed reducing known weights triphenyltetrazolium chloride dissolved borate buffer (pH 9.1) with 
excess samples without sodium succinate formazine was formed (that is, the so-called 
reduction was absent). This evidently partly explained the fact that the determination succinic dehydro- 
genase activity all the studied brain sections were frozen with carbon dioxide. There evidence the literature 
that freezing the tissues with later thawing causes sharp decrease endogenous succinic dehydrogenase activity 
without action the exogenous activity [12]; special experiments which carried out confirmed this finding. 
the other hand, tetrazolium salts which used determining the succinic dehydrogenase activity 
had much higher reduction threshold than most the other tetrazolium salts and probably therefore was not 
reduced the presence low concentrations substrate. connection with this, the determination endo- 
genous dehydrogenase activity used fresh, unfrozen tissue and used the indicator neotetrazolium chloride 
which reduced tissues with considerably greater 
ease than triphenyl tetrazolium chloride. 


Determination endogenous dehydrogenase activity, The measurement endogenous activity was also 
carried out Thunberg tubes. the lower wide part the tube placed 1.5 homogenate which con- 
tained tissue (the tissue was homogenized with 0.1 phosphate buffer, 7.7). the upper 
reservoir placed 1.5 neotetrazolium chloride solution. noted that the time be- 
tween the moment homogenizing the tissue and the drawing off the air from the Thunberg tube should 
minimum and near possible the same for all samples, since according our findings, when the homogenate 
stands the air, even with careful cooling its endogenous activity decreased, evidently the result oxi- 
dation part the substrate air. the determination the endogenous activity the tube was shaken 
the thermostat 37° for min, after which added mixture ethanol-ethylacetate (1:1). The 
solution was centrifuged and then analyzed colorimetrically described above. The calibration curve was 
constructed reducing known weights neotetrazolium chloride dissolved phosphate buffer (pH 7.7) with 
excess sodium 


After incubation the brain homogenate under aerobic conditions the presence final 
concentration the reduction tetrazolium salts took place much more weakly than under aerobic 
conditions without NaCN. This occurs the determination succinic dehydrogenase and the determination 
endogenous dehydrogenase activity. The weak reduction tetrazolium salts brain homogenate under aerobic 
conditions spite inhibition cytochrome oxidase sodium cyanide evidently shows the existence brain 
tissue very active autooxidizable enzyme system which can carry out the oxidation some substrates without 
the participation cytochrome oxidase. 


The content groups brain tissue was determined amperometric titration the homogenate with 
silver nitrate [21]. The method which used was described earlier [22]. 


The nitrogen content was determined aliquots the homogenate the method. The 
amount nitrogen the distillate obtained the distillation was measured colorimetrically with the Nessler 
reagent. 
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The determination the dry residue the tissue was determined drying tissue samples 105° constant 
weight. 


RESULTS THE EXPERIMENTS AND THEIR DISCUSSION 


The results the determination SH-group content the motor zone the cortex and the gray matter 
the thickening the spinal cord are given Table These results were obtained amperometric 
the whole tissue homogenate and they show the total content groups the sections the 
brain which studied (in fact, most the groups titrated the homogenates are protein groups). The 
table shows that the content groups the motor zone and the gray matter the spinal cord are the same 
when calculated 100 wet tissue and nitrogen. According our data (Table 2), which agree 
with the data Palladin and co-workers [23], the nitrogen content the gray matter the spinal cord, calculated 
wet weight the tissue, agrees with its content the cerebral cortex. consider that most the nitrogen 
the tissue protein nitrogen, and the content groups calculated over protein, then see that the 
protein the gray matter the spinal cord and the motor cortex contain practically the same amount 
groups. This allows think that these proteins have the same metabolic activity. 


TABLE 


Content Groups the Motor Zone the Cortex and 
the Gray Matter the Cervical Thickening the Spinal Cord 


Experiment Motor zone cerebral 
No. cortex 


Gray matter 
cervical thicken- 
ing spinal cord 


1.29 1.25 
1.10 1.00 
1.12 1.20 
1.16 1.22 
1.14 1.08 
1.18 1.06 
1.26 1.11 
1.15 1.15 
0.95 0.93 
1.08 1.02 


Average 1.14 0.028 1.10 


Calculated per 
nitro- 
gen 


Calculated per 
dry weight 0.582 


Note: this table and the following give the arithmetical 
average (M) with the mean error(m). The difference con- 
tent groups calculated wet weight tissue between 
the motor cortex and gray matter the spinal cord 
tically not significant 0.91; 0.380). 


This idea comes from the well-known fact that the activity many enzymes, particularly the oxidizing 
enzymes, closely connected with the groups [24, 25], and also that the total SH-group content the tissues 
usually correlated with their level energy metabolism [21]. example can indicate that the SH- 
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TABLE 


Content Water and Nitrogen Some Sections Cat Brain 


Determination Part the brain 
motor zone caudate alamus, gray matter 
cerebral cortex nucleus, lateral part the 
cephalic spinal cord, 
part cervical 
thickening 


Water content, 

Nitrogen con- 
tent, 
wet weight 


group content the white matter the brain, according the data Savich and Yakovlev [21], one and 


half two times lower than the gray matter which corresponds the lower level energy metabolism the 
conducting system the brain. 


should mention that when the content groups calculated units dry weight comes out 
somewhat lower the gray matter the spinal cord than the cortex. This because the dry residue the 
gray matter the spinal cord greater than the dry residue the cortex (Table 2). assume, however, that 
the calculation the SH-group content and also the activity the enzymes the wet weight the tissues 
and especially the protein the nitrogen would higher, especially for comparison the intensities the 
enzyme processes the different sections the brain, than calculation units dry weight, the value which 
different parts the brain depends considerable extent the liquid content them. The possibility 
erroneous conclusions calculating the enzyme activity tissues units dry weight has been indicated 
Pigareva and Chetverikov [3], and also Umbreit and co-workers [26], who recommend calculating the enzyme 


TABLE 

Activity the Succinic Dehydrogenase System Some Sections Cat Brain 

nitrogen (II) 


Gray matter 
Cerebral cortex, Caudate nucleus, Thalamus, cord, 
motor zone cephalic part lateral part vical 


74,8 

65,0 87,5 
67.5 
75,3 


83,7 
62,5 
67,5 
67,5 
62,5 36,8 
70,0 
67,5 
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Note: The difference succinic dehydrogenase activity calculated wet weight 
tissue between cortex and gray matter the spinal cord statistically minutely 
significant 2.0, 0.061), between cortex and thalamus statistically insigni- 


ficant 0.18, 0.844), between cortex and caudate nucleus statistically 
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80.4 19.4 74.3 
1.65 1.68 1.67 1.63 
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activity the tissues units nitrogen (protein), Starting from these ideas, have calculated the dehydro- 
genase activity the sections the brain which have the wet weight and nitrogen the tissues. 


The results the determination succinic dehydrogenase activity the different portions the cutaneous 
motor analyzer the cat are given Table The succinic dehydrogenase activity, from our data, the same 
the motor zone and the lateral part the thalamus and only slightly (8%) lower the gray matter the 
spinal cord cervical thickening, where the difference statistically slightly significant. are inclined 
think that the somewhat lower value for succinic dehydrogenase activity the gray matter the spinal cord found 
separate experiments may explained the small admixture white matter which always difficult 
separate completely from the gray matter the spinal cord. found the most active succinic dehydrogenase 
system the caudate nucleus. Similar data were obtained the determination the endogenous dehydrogenase 
activity (Table 4). The endogenous activity the caudate nucleus was about 18% higher than the motor cortex, 
and the latter was several times higher than the lateral part the thalamus. interesting compare 
our data the ability the caudate nucleus reduce tetrazolium salts most intensely with the data Dixon 
and Meyer [27] and also Himwich and Fazekas [28] who showed that the oxygen uptake the caudate nucleus 
surpasses the uptake the cortex. This agreement once more confirms the indications the literature [17, 20] 
the presence complete parallelism between rate utilization oxygen different tissues measured 
the manometric method and the intensity reduction tetrazolium salts these tissues. 


The reason for the high activity the oxidation processes 
TABLE 
the caudate nucleus must evidently sought the character- 
Endogenous Activity Dehydrogenation istics its function. However, the physiological role the 
Systems Some Sections Cat Brain caudate nucleus mammals present not very clear. 
Reduced Neotetrazolium Chloride 


per 100 Wet Tissue Some authors assume that the caudate nucleus particularly 


shares the regulation not only motor acts, but also some 
vegetative functions [29, 30], the vestibular system [31], uncon- 
ditioned reflex activities and instincts However, these 
assumptions have not always been confirmed experiment [33]. 
interesting see that apparently not only oxidative processes 
occur the caudate nucleus with great intensity. Thus, Lowe 
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Thalamus, 


ue 


part 


115,5 and co-workers [34] found that the activity decarboxylases 
glutamic acid was higher than the motor cortex. Very 
recently the work Chernokh and co-workers has been published 
[35] showing that the content groups the caudate nucleus 
higher than other brain sections, true that calculations 
dry weight these authors obtained lower values for the caudate 
nucleus than for the cortex; but they admit that the determi- 
nation the water content the caudate nucleus them 
possible that there were errors due admixtures the white 
matter the internal capsule. Our measurements agreement 
with some the literature data [23, 28] showed that the water 
content the caudate was almost the same its content the 
cerebral cortex (Table 2), Hence, calculations enzyme 
Note: The difference endogenous activity dry weight tissue give this case the same results 
between cortex and caudate nucleus and units wet weight nitrogen. 
tween cortex and thalamus statistically sig- 
0.022). 


culate 


gen 


Activity cal- 


Our data the activity the dehydrogenase systems and 
the content groups some sections cat brain force 
consider carefully the statements number authors [2, 
that the phylogenetically more recent sections the brain are characterized higher activity the enzyme 
systems and hence higher level energy metabolism than the phylogenetically older formations. 


According the data these authors, the intensity respiration and the intensity oxidative and 
colytic enzymes the cerebral cortex about twice high the oblongata and spinal cord. According 
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the results our experiments, the difference activity, especially the succinic dehydrogenase system, between 
the gray matter the spinal cord and the motor zone the cortex very small and statistically little signifi- 
The above conception also contradicted considerable extent our data the high activity the 
dehydrogenases the thalamus and especially the caudate nucleus. The reason for the difference evidently 
that have compared the activity the oxidizing enzymes different types cells the same analyzer, 
while the authors mentioned have compared, for example, the enzyme activity inthe cerebral cortex with the 
activity the lower sections the brain without separating the latter the cells from the conducting system, 
which, have shown, can actually distort the results the investigation. Recently number qualitative 
histochemical studies have been published [36-39] which higher content protein and groups have been 
found and also high rate renewal proteins the motor neurons the spinal cord and also the sensory 
neurons the intervertebral ganglion compared the pyramidal cells the motor zone the cortex. 
not difficult see that these data also contradict the idea that the intensity the important metabolic processes 
increases with phylogenetic development and complexity the different brain sections. 


The results our experiments and the evidence histochemical investigations allow believe that 
between the phylogenetic maturity different parts the nervous system and the intensity their metabolism 
there very complex interrelation which difficult fix the framework any sort scheme. possible 
that the complexity and specialization function one another part the brain accompanied some cases 
not increase, but the contrary, some decrease the activity the oxidation processes them. 
example can mention the decreased intensity respiration and the lessened activity oxidizing enzymes 
the motor zone the cortex compared the caudate nucleus which, known, phylogenetically older link 
the motor analyzer than the cortex. 


SUMMARY 


The succinic dehydrogenase and endogenous dehydrogenase activity was measured tetrazolium salts the 
following sections cat brain, sections which are part the cutaneous motor analyzer: gray matter the cervical 
thickening the spinal cord, lateral part the thalamus, caudate nucleus, and sigmoid convolution (motor zone) 
the cortex. The highest activity was found the caudate nucleus. Succinic dehydrogenase activity was the 
same the sections the cortex and thalamus, and only slightly lower the gray matter the spinal cord. 


The content groups was the same the gray matter the cervical thickening the spinal cord and 
the motor zone the 


The resulting data not agree with the ideas that the intensity the oxidative processes phylogenetically 
younger parts the brain regularly higher than phylogenetically older parts. 


Received January 1959 
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THE INFECTIOUS RIBONUCLEIC ACID TOBACCO MOSAIC VIRUS AND ITS 
BEHAVIOR THE PROCESS LOSS INFECTIOUSNESS 


Bakh Institute Biochemistry, Academy Sciences, USSR and Faculty 
Biology and Soil Science, Lomonosov State University, Moscow 


1956-1957 the laboratories Schramm [1] and Fraenkel-Conrat [2] high molecular weight RNA 
was obtained from tobacco mosaic virus this RNA had biological activity—it was infectious. 


This work opened new stage the study RNA since for the first time was possible deal with native 
RNA and control its purity measuring its biological activity. became known from this work that the 
resulting biologically active RNA very quickly lost its infectious properties when its solution merely stood. The 
reason for this spontaneous loss infectiousness the preparation virus RNA still far from clear, and even 
less clear the process which occurs the active molecules this time. 


the present work have carried out experiments obtain such native RNA from TMV and have tried 
explain the changes which occur during loss infectiousness. 


MATERIALS 
Obtaining Tobacco Mosaic Virus (TMV) 


TMV was obtained from young leaves infected tomato plants (hothouse culture) combined methods 
precipitating with ammonium sulfate and preparative ultracentrifuging. 


The young, infected tomato leaves were passed through meat grinder and the resulting leaf mass was 
pressed through linen. The juice pressed out this way was rapidly separated remove fragments tissue and 
suspended particles. For the separation TMV added 250 ammonium sulfate per liter partly clarified 
juice. The precipitate was separated centrifuging, the centrifugate was discarded, and the precipitate was 
washed with solution ammonium sulfate, 200 g/liter, after which was suspended water. The part which 
was insoluble water was separated rapid centrifuging filtration, and the clarified solution was again preci- 
pitated ammonium sulfate. Solution water and reprecipitation ammonium sulfate (250 g/liter solution) 
were repeated several times. The solution obtained after the last dissolving was centrifuged 20,000 for ten 
minutes and the insoluble precipitate which collected the bottom was washed and discarded. The clear centri- 
fugate was again precipitated with the same concentration ammonium sulfate and the precipitate was 
ferred cellophane bag which the virus was dialyzed against running tap water for three four days. During 
dialysis small amount rust-colored precipitate appeared which was separated rapid centrifuging and discarded 
and the dialyzed solution TMV was again precipitated ammonium sulfate. The resulting white precipitate 
TMV was dissolved small amount water. The concentrated solution was submitted prolonged (four-six 
hours) centrifuging 25,000-30,000 (High Speed Centrifuge, MSE, London). the bottom the centrifuge tube 
there formed gelatinous transparent layer sedimented particles TMV which after removal the centrifu- 
gate was again transferred water solution. This solution was centrifuged 20,000 for min remove 
the insoluble admixtures, and the centrifugate, which was TMV solution, was again given long centrifuging 
25,000 30,000 After solution, the precipitate TMV was again separated from insoluble admixtures and the 
whole procedure was repeated once more. The TMV obtained result three ultracentrifugings the solution 


| 
> 
3 
5 
: 
| 
3 
q 
4 
a 
3 
q 
a 
a 
a 
q 
Bs: 
| 
; 
47 1 
j 


and resolution the precipitate was separated from the concentrated solution ammonium sulfate and kept 
this form the refrigerator. From each liter juice obtained about TMV. The resulting precipitate 
gave positive reaction when its infectiousness was studied for leaves Nicotiana glutinosa. Electron-microscopic 


analysis the preparation,carried out Yu. showed the presence typical rods TMV. 


Obtaining Ribonucleic Acid (RNA) 


obtain RNA dissolved the precipitate TMV water and freed from ammonium sulfate dialysis 
against running tap water for day and then against distilled water, frequently replaced, for 12-15 hours. RNA 
was obtained from TMV phenol deproteinization according several modifications the method Gierer 
and Schramm [1]. 


cooled 0.5-1% solution TMV water added concentrated pyrophosphate buffer, obtain 
final concentration and then added equal volume phenol saturated with water (90%). The 
mixture was shaken strongly possible (at the maximum rate electric shaking machine) for min 
ice bath. Then for each 100 starting solution added ten chloroform and the mixture was shaken 
intensively for another min (also ice). The use chloroform the deproteinization TMV was carried 
out that, first, the presence chloroform the protein layer formed the boundary the two phases 
phenol) becomes more compact and makes separation the water layer easier, and, second, our observations 
showed, the chloroform had some stabilizing action the infectiousness. Stabilizing action was also noted 
using the pyrophosphate buffer along with phosphate, possibly because the separation ions heavy metals 
their complex formation with pyrophosphate ions. 


After the above ten-minute deproteinization, the mixture was centrifuged for min 2000-2500 rpm. 
Thereupon separated into two phases: into upper water phase which contained RNA, and lower which 
contained phenol with the protein dissolved the phase boundary small layer insoluble protein and 
TMV formed. The upper water phase was drawn off with pipet and sometimes given another phenol deprotein- 


ization. RNA from the water phase was precipitated with volumes purified 96% alcohol and with the addition 


several drops acetate buffer 5.4 (for each 100 water alcohol mixture, 0.5 buffer). The alco- 
holic precipitation was carried out ice bath. The RNA precipitate was separated centrifuging (2000 
The precipitate was twice washed with alcohol-water solution (3:1) with the addition acetate wash 
out traces phenol, after which was dissolved the corresponding buffer and the solution was quickly used 

for the experiments. The entire operation,from the beginning deproteinization the precipitation alcohol, 
lasted 30-40 min. 


For most experiments described this work the RNA from the TMV was obtained with one phenol deprotein- 
ization,since the study the dynamics the drop infectiousness RNA and the electron-microscope control 
showed that one phenol treatment, described above, was entirely sufficient give RNA preparation completely 
free from admixed virus particles. 


The yield RNA from TMV was 60-75% the total contained the virus. should observe that the 
yield RNA increased deproteinization with more dilute solutions, using very intense shaking and 
tively small portions virus solution. 


Characteristics the Preparations Active RNA 
Infectiousness 


The infective activity the RNA preparation was tested isolated leaves Nicotiana glutinosa, incubated 
the light room temperature moist chamber. Infection was induced rubbing the solution the studied 
preparation the upper surface the leaf. Immediately before applying the solution added phosphate buffer, 
7.2 0.1M concentration. The quantitative calculation was based calculation the amount necrosis 
which occurred, with later calculation one For comparison with the virus activity and calculation 
the percent infectivity terms the infectivity the initial TMV,we carried out parallel infections leaves 


Severtsov Institute Animal Morphology, Academy Sciences, USSR. 
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with the same portions TMV 0.1 phosphate buffer, selecting TMV concentrations which would give about 
the same necrosis the preparations RNA which studied. order avoid the possibility in- 
fecting the leaves with virus carried out the experiments with RNA and with not halves the same 
leaf, but different leaves. Necrosis was determined three five days after infection. all our experiments the 
RNA preparations, immediately after they were obtained,gave about the same amount necrosis 100 times 
smaller concentration TMV; other words, the infectiousness one weight unit TMV corresponded the 
infectiousness about 100 weight units RNA, with variations either side about twofold. Hence, the freshly 
prepared RNA preparations had about the infectiousness equal weight virus 
about the limits 0.5-2%) which fully agreed with the literature data this subject [1-7]. 


Electron-Microscope Controls 


The electron-microscope control our RNA preparations was carried out Chentsov and UEM-100 
microscope. For this study whole series preparations with different activities was used, beginning with initial 
concentration three RNA per one ml. case did find any forms rods particles TMV. 
Parallel findings TMA preparations prepared from dilutions with the same infectiousness the RNA,or even TMV 
dilutions with ten times less infectiousness than the RNA,showed the presence typical TMV rods. These results 
definitely indicate that the observed infectiousness the RNA preparations does not depend contamination 
virus 


Reactions for Proteins 


one the most sensitive protein reactions selected the microbiuret test Markham [8]. According 
the data the literature this reaction can detect less than 0.5% protein contaminants nucleic acid preparation 
[9]. order test the reaction, dissolved the preparation under investigation water, added drop 
CuSO, solution and then introduced large excess solid KOH (C.P.). After had added several drops ethyl 
alcohol and shaken the mixture, the alcohol was separated from the water-alkali phase thin upper layer. 
the case positive reaction, this thin layer extracted all the color the biuret complex. When studied our 
RNA preparations obtained from the reaction was always agrees with the literature data 
about complete deproteinization TMV the phenol treatment [1, 9]. 


Spectrophotometric Results 


The spectrophotometric study the infectious RNA was carried out from the point view ultraviolet 
absorption its solutions and the products its hydrolysis. The measurements were made one centimeter 
quartz cuvette SF-4 spectrophotometer with hydrogen lamp. 


Fig. give the absorption spectrum the RNA solution phosphate buffer, with ionic strength 
0.1 (curve compared the absorption spectra its complete hydrolyzate (0.5 NaOH, hours, 37°) under the 
same conditions concentration, and ionic strength (curve 2). Also, curve shows the absorption spectrum 
the acid hydrolyzate the same RNA (0.5 min, 100°) acid medium. All the curves are typical 
curves for the ultraviolet absorption RNA from TMV and not indicate any other contaminants the 
tion. The absorption curve for the alkaline hydrolyzate exactly corresponds the composition RNA from TMV 
known from the literature [10]: 25.6% guanine, 29.5% adenine, 18.6% cytosine, and 26.3% uracil. The absorption 
native RNA about 30% lower; ionic strength 0.1 the value for the molar extinction 260 


Sedimentation 


Sedimentation the infectious RNA preparation under investigation was carried out 


Svedberg ultracentrifuge 45,000-50,000 rpm and temperature 20°. This investigation showed that 
ence one basic high molecular weight component the RNA preparation. The results sedimentation 
0.36% solution RNA 0.01 phosphate buffer 7.2 20°,showed that under these conditions the sedimentation 


€(P) the molecular coefficient extinction nucleic acid calculated per g-atom liter. 
Biological and Medical Chemistry, Academy Medical Sciences, USSR, Moscow. 
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constants was about 15-16 Svedberg units. the case 0.2% solution RNA the same buffer, the sedi- 


mentation constant equaled 20-22 Svedberg This agrees well with the data other authors the sedi- 
mentation constant the infectious, high molecular weight million) component RNA [7, 11, 


10000 


5000 


230 240 250 260 270 280 290 300 310 


Fig. Absorption curve infectious 
RNA from TMV and its hydrolyzates. 

Native RNA phosphate buffer, 
strength 0.1; RNA hydro- 
lyzate obtained treatment with 0.5 
NaOH hours 37° and addition 
and ionic strength 0.1; 
lyzate from RNA obtained heating 
acid medium. 


100 


Days incubation 


Fig. Dynamics fall infectiousness 

virus RNA when incubated 37°. 
Above: phosphate buffer, 7.2 


Dynamics the Drop Infectiousness with Time 


full agreement with the data the literature [1-7, 
11, 12] the preparation virus RNA, which studied, rapidly 
lost its biological activity, infectiousness, when the solution 
merely stood (under antiseptic conditions). was already 
observed the first work the infectiousness RNA [1, 2], 
this spontaneous inactivation the preparation occurs with 
very great speed,even the cold, within one hour. our 
experiments succeeded obtaining much longer retain- 
ing the infectious activity the RNA, sometimes for week. 
Nevertheless, all the experiments, spontaneous loss 
infectious power always occurred, standing,the RNA so- 
solution under antiseptic conditions (in the presence 
form) quickly decreased infectiousness from day day. 


Fig. give the curves fall infectious activity 


RNA with time when the preparation incubated the presence 


chloroform 37°. The original activity (amount necrosis 
one leaf) taken should observe that the rate 
spontaneous inactivation RNA different experiments 
could differ considerably, and this respect was very 
difficult obtain reproducible results, The results several 
experiments incubation RNA phosphate buffers are 
given Fig. above. slower inactivation pyrophosphate 
buffer shown Fig. below. Usually incubation 
phosphate buffer, the infectiousness falls somewhat more 
the second day than half day, and only the third day 
reaches slight value, disappearing completely the fourth 
fifth day. With incubation phosphate buffer,the loss 
infectiousness even the second day reaches 85-95%, that is, 
goes much more intensively. obtained still longer 
retention infectiousness exclusion aeration. 


The dynamics fall infectiousness RNA preparations 
with time definitely shows the absence the preparation 
virus particles and any sort virus activity, since under these 
conditions incubation the infectiousness the virus not 
changed, but retains its initial high level (as the first day 
its study). From this fact, that the infectious activity the 
TMV itself stable and the native preparation virus RNA 
especially unstable, and quickly vanishes [1, 6], 
can conclude that all our findings infectiousness virus RNA 
preparations have connection with virus particles and depend 
entirely the molecules native RNA. 


Studies Change RNA During its 
neous Inactivation 
Spectrophotometric Behavior 


first indication the character the changes which 
occur the RNA molecule during loss infectiousness, 
applied the spectrophotometric method. Its use was suggested 
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the consideration that the splitting internucleotide bonds RNA and the rupture hydrogen bonds its 
macrostructure inevitably should reflected the ultraviolet absorption spectrum RNA, intensifying ("hyper- 
chromic effect") [13]. the case unstable internucleotide bonds there should gradually progressing increase 
ultraviolet absorption with time. Even very slowly occurring splitting should shown prolonged incu- 
bation the RNA solution. the loss infectiousness not connected with splitting, but with "denaturation" 

the RNA, that is, with rupture hydrogen bonds, then should accompanied definite break the 
ultraviolet absorption some constant value which would reflect the "denatured the RNA. This break 
should occur the moment loss infectiousness. 


The spectrophotometric study the ultraviolet absorption the RNA preparation before and after loss 
infectiousness and during inactivation did not show any change size character this absorption. The 
absence any change ultraviolet absorption during loss infectiousness our experiments forces believe 
that the RNA isolated from the virus the number hydrogen bonds remains unchanged when incubated 
neutral medium with constant ionic strength. Evidently the spontaneous loss infectiousness the RNA prepara- 
tion cannot explained instability and rupture any appreciable number hydrogen bonds. 


Neither did observe and change ultraviolet absorption with prolonged period incubating the product 
(37°, the presence chloroform) days and even several months. one the experiments the RNA 
solution was incubated 37° 0.01 phosphate buffer, 7.3, for year, and this also showed intensification 
absorption. This leads the conclusion that the internucleotide bonds ribonucleotide are stable neutral 
medium, contradiction the often-expressed opinion their splitting [9, 14]. 


Viscosimetric Behavior 


study the viscosity the RNA solutions during fall their infectiousness was made note changes 
the macromolecule RNA which might occur during inactivation. 


was found earlier that the characteristic viscosity RNA solutions was approximately proportional the 
molecular weight; according Gierer [12] 


This relation permits, the basis viscosity measurements, estimation changes molecular weight 
RNA during loss infectiousness. 


Methods. The viscosity the virus RNA solutions was measured 20.0° Ostwald viscosimeter with 
bulb volume and outflow time for water about sec. the observations Gierer showed, 
the viscosity solutions high molecular weight RNA depends comparatively little the gradient rate, 
that the viscosimetric study not necessary extrapolate zero gradient [12]. 


The concentration RNA solutions was measured spectrophotometrically. However, since the value the 
ultraviolet absorption high molecular weight RNA depends the strength the solvent [15, 16] and also 
considerable extent the temperature [7] and other conditions, decided that was essential first standard- 
ize the hydrolysis virus RNA before its spectrophotometric measurement,instead using the ordinary method 
direct spectrophotometric measurement solutions highly polymerized RNA themselves [2, 12]. Acid 
hydrolysis fastest and most satisfactory: 0.5 100°, min. The absorption curve such hydrolyzate 
RNA from TMV given Fig. found that the extinction 260 for the hydrolysis virus (TMV) RNA 
which contained nucleic phosphorus per was 0.320. Hence the concentration RNA from 
micrograms nucleic phosphorus equalled the extinction the acid hydrolyzate this RNA 260 
divided 0.32: 


0.32 


Results. The study the dependence concentration was carried out for the viscosity solutions the 
infectious preparations RNA immediately after they were obtained; showed that spite similarity 
infectiousness, they could have quite different values for characteristic viscosity and slope the direct dependence 
concentration. Fig. give the curves for dependence concentration different preparations 


4 
Bale 
# 
4 
om 
‘le 
if 
wa 
q 
oe 
yy 
i cod 
wy 
a 
475 a 
7 
—— 


Days incubation 


Fig. Dynamics change the viscosity 
virus RNA when incubated 37°. 
RNA concentration) prepara- 
tion different buffers different pH; 
preparation phosphate buffers different 
concentrations; different preparations after 
prolonged incubation. Designations the same 
Fig. and also: and 0.02 pyro- 
phosphate buffer, 


120 


Fig. Curves for dependence viscosity 
Different preparations the same phos- 


phate buffer; the same preparation infectious RNA the day their preparation. Their 


phosphate buffers different concentrations; 
preparations different buffers with differ- 
ent pH. 12) 0.01 phosphate buf- 
fer, 5", 10) 0.10 phosphate buffer 

0.01 pyrophosphate buffer, 7.5-8; 

0.1 acetate buffer, 5.4; 7") 
pyrophosphate buffer, 7.5-8; 
glycine buffer, 


characteristic viscosities vary from 125 205 

and the value for the slope does not show any evident 
correlation with the values the characteristic viscosities 
the molar concentration, pH, nature the buffer 
solvent. Different RNA preparations obtained under the 
same conditions can have quite different viscosimetric 
readings, though they have similar identical infectious- 
ness, for example, preparations 5', 11, and 12. Exactly 
the same solutions RNA buffers different concen- 


trations, for example, 0.01, 0.1 and 1.0 phosphate, 

have very similar infectiousness, but different viscosities 
(curves 5", and and these viscosities not correlate with the salt concentration the solvents any 
simple way. Thus, natural conclusion from these results that the reason for the considerable variability 
the viscosimetric readings for the infectious RNA from preparation preparation due some different state 
aggregation the RNA macromolecules RNA the solution. 


order analyze these processes which occur during incubation virus RNA solutions and establish 
any sort correlation these processes with the effect spontaneous loss infectious activity followed the 
change viscosities days different buffer media different preparations virus RNA. Incubation was 
carried out usual 37° the presence chloroform. The viscosity was measured solutions with RNA 
concentration 0.2-0.35% 20°. The dynamics change viscosity days given Fig. From the graph 
evident that the viscosity the RNA solution the first day incubation, that is, immediately after 
separation RNA from the virus, undergoes some change. This change most intense during the first two 
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three days, that is, when the infectiousness being lost. However, the regularity the process fall infectious- 
ness not any way connected with the fully definite change viscosity: the viscosity may either fall once 
(curves and some initial rise may observed (to the second day) and then again begins fall some 


value which may lower (curves and higher (curves and with respect the original, starting, value 
the viscosity. 


mg/ml) 


Fig. Curves relation concentration and viscosity virus 
RNA the day preparation (1) and after loss infectiousness 


From Fig. evident that the character the change viscosity RNA preparations slowly dies out 
with time; the value change viscosity during loss infectiousness becomes constantly less and finally the 
viscosity becomes unchanged during incubation the solution. Even when the incubation (37°) prolonged 
month more, the viscosity remains unchanged (for example, one experiment, the first day was 227 
the second day 190 and the 40th day, 190 


Some examples the dependence viscosity concentration for the RNA solution before and after loss 
infectiousness are given Fig. These curves show that the difference viscosimetric readings between in- 
fectious RNA preparations and those which have lost infectiousness show regularities. 


Thus, the basis our data the absence progressive fall viscosity during loss infectiousness 
and later incubation,we can conclude that the internucleotide bonds such are stable under the conditions 
described and that the process loss infectiousness not accompanied progressive splitting ribonu- 
Evidently the above-noted process spontaneous loss infectiousness differs from the process hydro- 
lytic inactivation RNA, caused artificially ribonuclease [11]. 


Sedimentation Behavior 


Sedimentation the studied preparations virus RNA, carried out the Institute Biological and Medical 
Chemistry the Academy Medical Sciences, USSR, with Shpikiter under the conditions described above, 
were carried out parallel with the studies viscosity. The results are given the table. The diagram one 
the experiments (preparation the sedimentation 0.36% RNA solution 0.01 phosphate buffer, 
7.2, the day preparation (on the left) and after days incubation 37° (on the right) given Fig. 
this case the preparation kept partial activity (infectiousness) the sixth day. 


the two other cases given the table, when the preparation had fully lost also found 
decrease average sedimentation constants. However, did notice considerable washing out the peak 
which indicated wider distribution the sedimentation constants. 
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Sedimentation Constants and Viscosities Some RNA Preparations Before and After Loss Infectiousness 


Buffer Infectiousness con- 
ration centration, 
0.01 phos- Infectious 


Sharp peak 
phate partly infectious 


0.01 phos- Infectious 


peak 
phate not infectious 


0.1 phos- Infectious Washed-out peak 
phate not infectious 


Hence, from these results can conclude that the process 
decrease the sedimentation constants the RNA. These ex- 
periments contradict the assumption usually made the liter- 


ature that loss infectiousness connected with the process 
progressive splitting the highly polymerized RNA macro- 
molecules [7, 11, 12, 14]. assume that the experiments 
the other authors the reason for the splitting the virus RNA 
when the solutions stood was the contamination them leaf 
ribonucleases. The possibility this has recently been shown 
Pirie [5, 17] who observed that when TMV was obtained the 
method preparative ultracentrifuging, ribonuclease was con- 
tained preceptible amounts the virus and could trapped 
the RNA solution after its deproteinization. Our preliminary 
purification the virus was carried out salting out with am- 
monium sulfate, which, according the indications Pirie [17], 
Fig. Sedimentation diagram virus 
leads virus preparation relatively free from ribonuclease. The 

absence progressive splitting virus RNA our experiments 
indicates the stability the internucleotide bonds under the con- 
ditions used and that during loss infectiousness there cannot 
hydrolytic splitting the RNA macromolecules. 


RNA concentration 0.36%. Preparation 
the left, RNA the day its prepa- 
ration; the right RNA after days in- 
cubation 37°. 


SUMMARY 


have carried out experiments obtaining biologically active (infectious) ribonucleic acid (RNA) 
from tobacco mosaic virus (TMV). chemical reactions for proteins, electron-microscope control, and study 
the dynamics decrease infectiousness with time,we have established that the preparation active RNA does 
not contain virus particles and the whole infectiousness depends the RNA itself. Spectrophotometric, visco- 
simetric and sedimentation studies infectious preparations RNA have shown that typical high molecular 
weight RNA this virus. RNA concentration 0.2% 0.01 phosphate buffer, 7.2, 20-22 
Svedberg units. 


studying the changes ultraviolet absorption, viscosity, and sedimentation have shown the behavior 
RNA during spontaneous loss its infectiousness. The loss infectiousness these preparations usually 
complete 2-5 days 37° (in the presence antiseptic). 


have shown the absence change ultraviolet absorption RNA during loss its infectiousness and 
prolongation the incubation (37°) several months. Neither have observed progressive fall viscosity 
this treatment. Sedimentation studies RNA before and after loss infectiousness have not shown decrease 
sedimentation constants. have concluded from all this that the process spontaneous loss infectiousness 
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does not depend instability internucleotide bonds and thus cannot hydrolytic splitting 
RNA macromolecules. 


view the absence any intensification the ultraviolet absorption during loss infectiousness, 
have expressed the opinion that this process not accompanied rupture appreciable number hydrogen 
bonds. 


have not found any simple correlation infectious activity RNA with the viscosimetric measurements 
and their changes during loss infectiousness. 


Thus, the process spontaneous loss infectiousness the studied preparations virus RNA not 
accompanied any evident change size and form the macromolecule. have not excluded the possibility 
that the reason for the loss infectiousness must sought some localized change, perhaps oxidative 
character. 


conclusion, the authors express their deep thanks Belozerskii, Shpikiter, and Pod'- 
for their valuable advice and great practical help carrying out this work. 
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THE EFFECT PHOSPHORYLATION THE ABSORPTION VARIOUS 
AMINO ACIDS 


Shishova 


Laboratory Biochemistry the Institute Nutrition, Academy 
Medical Sciences, USSR, Moscow 


was shown previous work that the presence ATP and inorganic phosphate the absorption amino 
acids the intestine occurs considerably more intensively. the period intensive absorption the intestine, 
found synthesis labile phosphorus derivatives amino acids which proceeded with absorption oxygen 
due demineralization inorganic phosphate. found parallelism between intensity absorption amino 
acids and formation fraction labile phosphorus, and specific poisoning oxidative phosphorylation 
(DNP) inhibited formation labile phosphate and assimilability proteins [1, 2]. Thus estab- 
lished connection between phosphorylation processes and absorption and assimilation proteins. 


the recent literature there indirect confirmation our results. Feher, Kertai and Gati [3, showed 
thatthe mucus membrane the intestine contains considerable amount ATP (about 0.6% the dry weight), 
and the upper part the intestinal tract the ATP content higher than the lower. Absorption amino 
acids occurs only under aerobic conditions [5-7] and inhibited dinitrophenol [7, 8]. the work Langner 
and Edmonds [9] was shown that acetyl tryptophan absorbed much more slowly than free tryptophan and the 
authors concluded from this that the acetyl group hinders formation enzyme-substrate complex needed for 
the absorption tryptophan. our opinion, the more probable explanation this inhibition absorption 
acetyl tryptophan the difficulty forming the phosphoamino acid from the acetyl derivative. The purpose 
the present investigation was explain the role phosphorylation the absorption individual amino acids 
the intestine, or, more exactly, the problem was explain whether all amino acids underwent phosphorylation 
only some them. also tried determine the mechanism absorption studying the kinetics the 
process. 


basis for the kinetic investigation used the work Kamm and Handler [10] and also Wiseman 
who found difference the rate absorption different amino acids (proline, glycine, and histidine 
were rapidly absorbed, lysine and ornithine were absorbed slowly). Wiseman thought that the latter amino acids 
were absorbed diffusion. 


METHODS 


The study was carried out 150 rats weighing 200 Under local Novocaine anesthesia, the beginning 
and end the small intestine were ligated and the solution amino acid ml) was placed the intestine 
with syringe. The amino acids were introduced into the intestine: with and without addition ATP, phosphate, 
and magnesium. Each rat rule received ATP, phosphate, and magnesium ion was added 
the form magnesium chloride. some experiments introduced variations which will described 
below. Over definite time interval studied the amount nitrogen and amino acids the intestinal con- 
tents; the latter were washed out four times with syringe water. 


The intensity absorption was judged the difference between the amount amino acid added and that 
which remained the intestinal contents after precipitation and separation the proteins trichloroacetic acid. 
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The quantity amino acid was determined analysis for nitrogen according Conway after minerali- 
zation and simultaneously quantitative determination amino acids ninhydrin. some cases (with 
slightly soluble amino acids) used specific methods for determining the individual amino acid instead 
determining the nitrogen. Tryptophan and methionine were determined the method Gorozhankina [12, 13], 
histidine the method Meshkova [14]. studied the absorption the following amino 
monocarboxylic (glycine, alanine), (lysine, arginine), monoaminodicarboxylic (aspartic, 
acids), sulfur-containing amino acids (methionine), cyclic amino acids (histidine, tryptophan), 


acids (threonine), all cases used the racemic amino acids. The only exception was glutamic acid which 
was used the L-form. 


studied 0.5 and 0.25 solutions the amino acids. Since the different amino acids differed great- 
from each other molecular weight, the above-mentioned amino acid solutions,in percentages, were 
not comparable other. Therefore also ran experiments which were characterized the same 
percent content amino acids (10%). Some amino acids were used lower concentration, since under the 
conditions the experiment (pH they were poorly soluble water. 


RESULTS 


The results the study intestinal absorption 0.5 solutions the amino acids are given Fig. 
The graph shows that when different amino acids are introduced into the intestine without additions, the relative 
amount adsorbed amino acid decreases with increasing percent concentration amino acid. this case, how- 
ever, there sharp increase from the stimulating action 
ATP, phosphate, and magnesium,which especially 
clearly shown the case arginine and lysine. ATP 
and phosphate have some stimulating action the absorp- 
tion glutamic acid and methionine. Glycine and 
alanine are much better absorbed than the amino acids 
mentioned, and the intensity their absorption depends 
little the addition ATP, phosphate, and magnesium 
ion. When find absorption amino acids without 
additions, have the impression that the absorption 
the amino acid occurs rate inversely proportional the 
molecular weight. The only exceptions are L-glutamic 
acid (the other amino acids were used the form 
racemates) and methionine, used smaller concentra- 
tions (0.33 instead 0.5 M), since this amino acid was 
poorly soluble water. 


Fig. Absorption 0.5 amino acid solu- order explain the reasons which the effects 
tions and the effect ATP, phosphate, and ATP and phosphate absorption amino acids depend, 

ion this process. that is, the concentration (in percent) the specific 
White columns) introduction amino acids characteristics the amino acids being studied, car- 
without additions; cross-hatched columns) ried out experiments with 10% solutions the amino 

the same with addition ATP, acids. The stimulating effect ATP and phosphate 

and Mg. the experiment with meth- also shown here the absorption diaminomonocarboxylic 
used 0.33 solution. The figures amino acids. The percent absorption then somewhat 

parentheses are molecular wts. decreased with increasing concentration. 


The results the study absorption amino acids small concentration (0.25 are given Fig. 
The figure shows that this case the rate absorption the different amino acids does not depend the 
molecular weight. For example, the rate absorption histidine (molec. wt. 155) greater than alanine 
wt. 89) and threonine (molec. wt. 119). The rate absorption lysine considerably less than 
that methionine, although both amino acids have similarly molecular weights. also evident from the 
figure that the case small amino acid concentrations absorption even inhibited relatively large amounts 
addition (ATP mg, phosphate the rat), and this inhibition particularly obvious the case 
histidine and tryptophan. 
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Fig. Absorption 0.25 solutions amino acids 
(except for tryptophan, which was measured 0.1 
concentration) and the effect ATP, phosphate, and 
Designations the same Fig. 


acid mixture whole considerably hastened. 


table). 


The results experiments with the addition small amounts ATP mg) solutions different amino 
acids low concentrations are given Fig. and show that additions amounts ATP and phosphate 
solutions arginine, lysine, tryptophan, glutamic acid and histidine stimulate the absorption these amino 
acids. not possible explain the observed difference rate absorption the amino acids only the 
concentrations, since arginine and lysine, added the intestine equal molar and percent concentrations, 
require ATP and phosphate. follows that aside from concentration, the structural characteristics the 
amino acids play part. This idea the more probable that tryptophan added the intestine smaller 
concentration than arginine, lysine, and histidine, absorbed faster under the influence ATP and phosphate. 
For further explanation the question how much the stimulation absorption ATP and phosphate depends 
amino acid concentration and also structure, ran experiments study the effect ATP the phosphate 
the rate absorption histidine from mixtures with other amino acids which were present the solution 

relatively high concentration (12%). The results are given Fig. histidine was absorbed from the mixture 
amino acids more poorly than when free, which can explained the competition the amino acids for 
ATP and phosphate which are contained the intestine. therefore understandable that under these conditions 
the absorption histidine stimulated the addition ATP and phosphate and the absorption the amino 


Along with the determination the rate absorption determined the same rats the nitrogen the 
intestinal walls, the labile and inorganic phosphate the walls and the intestinal contents. the table 
give the content nitrogen and labile phosphate the intestine. The content nitrogen the intestinal 
walls when different amino acids were introduced,did not change much addition ATP, phosphate, and magnesium 
ion these did not hasten absorption (alanine, glycine, tryptophan), but the other hand, there was increased 
nitrogen concentration the walls the intestine calculated per intestinal tissue, the ATP and phosphate 
stimulated absorption the given amino acid (arginine, methionine, content the labile phosphate 
fraction the walls and especially the intestinal contents (together with the mucus all cases increased 
when ATP and phosphate were added solutions amino acids undergoing absorption (last two columns the 


possible that the absorption small concentrations amino acids introduced into the intestine the 
strictly tissue resources the intestinal phosphates are used. settle this problem studied the effect 
DNP the absorption the amino acids. those amino acids which are well absorbed without supplementary 
addition ATP and phosphate the intestine are phosphorylated from the amounts the latter contained the 
intestine, then the specific poison for oxidative phosphorylation, dinitrophenol, should inhibit the absorption 


Arginine 


Fig. Absorption 0.25 solutions 
amino acids and the effect this 
process small concentrations ATP 
mg) and phosphate (10 mg). 
Designations the same Fig. 
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Content Nitrogen, Inorganic, and Labile Phosphorus the Walls and Intes- 
tinal Contents 


Nitrogen, Labile phosphorus, 


without with ATP 


Arginine 110 110 0,7 
Alanine 105 105 0,8 
Glycine 80) 0,6 0,7 
Methionine 100 100 
Glutamic 


Tryptophan 100 


woucw 


Ss 


Absorption amino acid in% 
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Fig. Effect 2,4-dinitrophenol (DNP) ab- 
sorption 0.5 solutions alanine and glycine 
and 0.25 histidine. 

White columns amino acids without additions; 
cross hatched the same with addition 
DNP. Figures parentheses inhibition. 


Histidine 
amino 
Total nit 


Fig. Absorption 0.25 solution 

histidine separately and mixed with 
other amino acids (total concentration 
12%) and the effect ATP and phos- 

phate this process. 

Designations the same Fig. 


these amino acids. studied the action this poison 
the rate absorption 0.25 histidine and 0.5 
alanine and glycine. Fig. give the results 
these experiments. show that DNP added 
the amino acids which are introduced into the intestine actually inhibits absorption these amino acids 27- 


36%. 


spite the increasing number facts which strongly indicate that absorption amino acids active 
process, some investigators consider that absorption amino acids diffusion process [15, 16]. 
that this assumption incorrect can come from the data kinetics the absorption process. 


For example, Matthews and Smyth [17] showed that with decrease temperature the rate absorption 
amino acids the intestine greatly decreased. known that diffusion processes are much less inhibited 
lower temperatures than are chemical processes. The findings Matthews andSmyth decreased rate 
absorption depending lowered temperature surpass the temperature dependence diffusion processes. 
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depend concentration, that is, the absorption the 


study the kinetics the process absorption the 
whole organism. studied the absorption different 
time intervals the following amino acids: 0.25 
histidine, 0.5 and 1.1 alanine, and 0.25 arginine 
solutions. For the first two amino acids, the time intervals 

were 15, 30, 45, 60, 75, and min. For arginine the 

it. The experimental material given Fig. Each 

Our straight-line relation with time the amount 

amino acid being studied which remained the intestine 

shows that the rate the process absorption does not 

oO 


amino acids the intestine process zero order. 
absolute amount absorbed amino acids the starting 
concentration. the study the two alanine concen- 
and also min, independent the initial concen- 
tration, the same number milligrams alanine was 
Fig. Kinetics absorption 0.2 solution alanine added the intestine absorbed, the greater 


histidine (1), and also 0.5 Concentration med. 


tions alanine. 
DISCUSSION RESULTS 


follows from our results that the addition ATP, phosphate, and magnesium ion stimulates 
the absorption various amino acids, but not the same degree. Lysine and arginine are not absorbed 
min without the addition. ATP and phosphate stimulate absorption diaminomonocarboxylic Other amino 
acids, such glycine, alanine, and histidine are absorbed without addition outside phosphate and ATP. Accord- 
ing our data, the intestine very rich phosphorus compounds [1] and the intestinal mucus contains con- 
siderable amount The absorption amino acids occurs only under aerobic conditions and inhibited 
dinitrophenol. can assume from these facts that the absorption monoaminomonocarboxylic acids and 
histidine small concentrations, the reserves ATP and phosphate the intestine itself are used. Probably 
phosphorylation plays part the absorption these amino acids. From our experiments with DNP specific 
poison for oxidative phosphorylation) follows that absorption glycine and alanine inhibited the extent 

36% this poison. 


Fridhandler and Quastel [7] found inhibition the absorption alanine and phenyl alanine under aerobic 
conditions the presence dinitrophenol, but, since inhibition was not observed under the influence 
hizin and absorption was not increased pyridoxine, the authors concluded that probably absorption was not 
connected with phosphorylation. These authors did not study the effect ATP. 


The results our experiments indicate that phosphorylation amino acids occurs during absorption and 
that ATP plays part this process. When high concentrations amino acids are introduced into the intestine 
the phosphate supply the intestine not sufficient and the rate the absorption process falls. The addition 
ATP, phosphate, and magnesium ion under these conditions increases the rate amino acid absorption. the 
study the concentration amino acid solutions find concerning the relation amino acid absorption 
molecular weight that wrong ascribe the absorption diffusion. The absorption small concentrations 
amino acids does not depend their molecular weight. our experiments showed, amino acid absorption 
reaction zero order, and not monomolecular reaction. Hence, amino acid absorption active bio- 
chemical process, and not merely diffusion. The slow absorption arginine and lysine compared the mono- 
aminomonocarboxylic acids can explained the slower formation diphospho derivatives compared 


settle this question ran series experiments 
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monophospho derivatives the other amino acids [18]. has been shown that phospholysine diphosphoric 
derivative [19]. 


SUMMARY 


Amino acid absorption the intestine active biochemical process. The rate absorption remains 
constant with time and the rate zero order process. has been shown that introduction ATP into the 
intestinal lumen with phosphate and magnesium ion stimulates the absorption arginine, lysine, L-glutamic acid, 
and under some conditions, also tryptophan. 


Dinitrophenol inhibits the absorption glycine, alanine, and histidine. This confirms the role oxidative 
phosphorylation the process amino acid absorption due ATP and phosphate which are contained the 
intestine. 


conclusion, thank Prof. Sharpenak for his advice. 
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SOME PROBLEMS RELATING THE ISOLATION AND FRACTIONATION 
PURE ANTIBODIES 


Nezlin 


Physiological Chemistry Laboratory, Institute Biological and Medical Chemistry, 
and the Laboratory, Institute Virology, AMN SSSR, Moscow 


was shown our earlier papers [1, that antigens fixed cellulose substances the halogenohydrin 
class may used both for the isolation pure antibodies, and for the fractionation the The successful 
application this method requires, however, precise knowledge the way which fixed antigens react with 
antibodies, and this paper have attempted elucidate this problem, using human serum albumin the 
antigen fixed cellulose. 


METHODS 


Human serum was fixed cellulose powder the method described our earlier papers [1, 2]. 
cellulose powder previously treated with the halogenohydrin was added 17% solution human serum albumin, 
give thick suspension, which was evaporated nearly dryness vacuum desiccator over Excess 
protein was washed off with solution, and the powder was dried. The antibody source was serum taken 
from rabbits which had been immunized against human serum albumin. The antibody content was determined 
modification Heidelberger's method [3], and the total protein content Lowry's method [4]. 


those cases which elution antibodies was effected column, the latter had diameter 0.8 cm, 
and the layer immunosorbent was thick. The fractions collected had volume ml. 


EXPERIMENTAL RESULTS 


Velocity Combination Antibodies with Fixed Antigen 


For the measurement the rate reaction antibodies with fixed antigen added moist immunosorbent 
the immune serum. The suspension was mixed with magnetic stirrer, samples were withdrawn regular 
intervals, immediately filtered, and the antibody content the filtrate was determined. Figure represents the 
ded serum (2.0 mg/ml antibodies). evident from the figure that the bulk the antibodies 
were removed from the immune serum within the first two min the reaction. other experiments the rate 
binding antibodies was derived directly from the amount antibody fixed the powder various times after 
the beginning the experiment. For this purpose, portions washed and dried powder from each sample 
were extraced with NaOH, for hours. From the amount protein the extracts, substracted 
the amount protein similarly extracted from immunosorbent not treated with serum. evident 
from the table, combination antibody with the fixed antigen was completed within minutes the 


used preparation albumin isolated from human blood serum alcohol precipitation, and which was 
shown electrophoresis Tiselius apparatus contain not more than 2.5% a-globulins. 

**The weights given here, and elsewhere this paper, refer dry weight immunosorbent (cellulose powder 
with attached antigen). 
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beginning the reaction, i.e., the velocity reaction 
antibodies with fixed antigen the same order that 
reported the literature [5] for dissolved antigen. Thus 
time 5-15 min contact immune serum with immuno- 
sorbent amply sufficient for the saturation the latter with 
antibodies, 


Elution Antibodies Combined with Fixed 
Antigen 


Use different eluent solutions. Elution antibodies 
from immunosorbent may directed towards 
their purification, which case the aim would obtain 

Time sampling, min avoid the need for their subsequent further concentration, 
the object may simultaneously effect fractionation the 
Fig. Rate removal antibodies antibodies isolated. order make possible select the 
from immune serum human serum appropriate eluant for each case, curves showing elution 
albumin fixed cellulose. antibodies acidified and buffer solvents were compared. 


Antibody content filtrates samples, 


With this object, treated immunosorbent with 
immune serum, and then divided into two equal portions. 
Through column packed with one the portions passed 
solution 3.2 (Fig. curve 1), and through 
Time sampling, Amount anti- second column containing the other portion passed phosphate 
after the beginning bodies combined citrate buffer 3.2 (Fig. curve 2), the same 
the reaction, min with appears from Fig. elution with buffer solution gives most 

immunosorbent, the protein (72%) fraction The elution curve was much 
flatter (peak fraction when the eluant was solu- 
tion 3.2, although the amount eluted proteins was about 
the same for both eluants (8.3 and 9.7 mg). seems that the 
latter case the value necessary for rapid elimination all the 
attached antibodies not immediately achieved. This may 
related alkalization the acid solution during its 
passage down the column immunosorbent. Should this explanation correct one, then would expected 
that this effect would become smaller when solutions less than 3.2 are used. This was,in fact,found 
the case; when solution 2.8 taken (Figs. and 5),the elution curves more closely resemble 
those obtained with buffer solutions (the maximum shifted the fourth fraction). Further evidence neutrali- 
zation NaCl solutions 3.2 during passage through the column that the most the fractions was 
found higher than 3.2. 


Rate Combination Antibodies with 
Human Serum Albumin Fixed Cellu- 
lose 


0.5 
2.0 0.582 
7.0 0.590 
15.0 0.585 


comparison was also made slow (Fig. curve over min and fast (Fig. curve 
over min) elution antibodies acid solution from columns containing immunosorbent treated with 
immune serum. The conclusion may drawn from comparison curves and that sharper peak given 
slow elution, i.e., the same amount antibodies eluted smaller volume eluant when passed slowly 
than when its passage rapid. 


For obtaining individual fractions high antibody concentration more convenient make use buffer 
solutions 3.2, with rapid subsequent dialysis against neutral weakly alkaline buffer solutions. For fraction- 
ation purposes more advantageous use NaCl solutions 3.2, high rates flow through the column. 


Rate elimination antibodies 3.2. investigated the rate desorption antibodies from im- 
munosorbent adding phosphate citrate buffer 3.2, with subsequent stirring. The rate desorption 
shown the following figures: 
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Fig. Effect the elution curve varying the rate passage 
eluent solution (1% solution 2.8) through the column. 
For designation curves,see 


Time after adding 
eluant, min 


immunosorbent, treated with immune 
serum 


8.8 


9.8 
9.1 


9.7 


Protein content, mg/ml 


Eluate fraction 


Fig. Elution antibodies combined with human serum albumin 
fixed cellulose (1) solution 3.2, and (2) phos- 
phate citrate buffer 3.2. 
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Protein content, mg/ml 


Eluate fraction 
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These results show that about 90% elutable antibodies are removed from the immunosorbent within the 
first minutes elution. 


Addition the saturated immunosorbent solution acidified 3.2 did not, under these con- 
ditions, give final hydrogen ion concentration the eluant high enough assure desorption the 
achieve this necessary either stir the saturated immunosorbent with NaCl solution, and then adjust 


the the suspension 3.2 addition hydrochloric acid [6], add buffer solution 3.2 the 


Effect excess antibodies present during saturation the immunosorbent the yield eluted pure 
view statement [7] that yields antibodies are determined the relative pro- 


portions antigen antibodies the adsorbed phase,” special experiments were performed, with the object 


S 


Protein content, mg/ml 


S 
NS 


Antibodies added, 


Eluate fraction 
Fig. Effect varying the amount 


antibodies added fixed antigen the Fig. Effect storage "saturated" immunosorbents 
yield eluted pure antibodies. elution antibodies from them. 
Two portions immune serum were Elution with solution the day 
added 100 portions immunosorbent. “saturation” the immunosorbent; after days storage 
citrate buffer Eluted anti- immunosorbent. 
body protein, mg; II) yield eluted 
antibodies percentage their original ascertaining the effect the antibody content the serum 
content the serum. used for saturation fixed antigen the yield eluted 
antibodies. may seen from Fig. that the presence 
excess antibodies the serum added the immunosorbent causes increase the absolute yield eluted 
antibodies. the other hand, the percentage added antibodies recovered the eluate falls under these 
conditions. follows from this that if, using given amount immunosorbent, desired achieve the 
maximum yield pure antibodies, then more convenient add known excess antibodies (i.e., 
excess the sorbent capacity the immunosorbent). If, the other hand, the object achieve 
the fullest possible separation antibodies from given volume serum, then the employment excess 
antibodies will undesirable. 


the immunosorbent frequently has achieved with sera low antibody content. 
order ascertain whether such sera could used for this purpose, two identical columns,each containing 0.5 
immunosorbent were prepared, and and 100 solutions, each containing 9.4 antibodies, were 
passed through them. Subsequent elution with NaCl 3.2 gave 1.9 and 1,7 antibodies, respectively, 
from the two columns (20 and 18% the amount passed through them, respectively). Thus,a tenfold difference 
the concentration antibodies the serum used for saturating the immunosorbent did not significantly affect 
the yield eluted antibodies. the experiment with diluted serum the concentration antibodies the eluate 
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fraction maximum antibody content was four times greater than the corresponding fraction from undiluted 


serum. This permits the application fixed antigens not only separation antibodies from sera with 
low antibody content, but also their concentration. 


treated with immune serum, and the product was divided into two portions. The antibodies one portion were 
eluted the same day (Fig. curve The second portion was similarly treated after three days storage 
refrigerator (Fig. curve The respective yields antibodies the two cases were 5.4 and 5.9 
protein, second identical experiment the yields were 9.6 the day saturation, and 7.3 anti- 
body protein after days. may concluded that the yields eluted antibodies are not seriously affected 

days storage saturated immunosorbent. These results are not accordance with the findings Campbell 
al. [6], who were unable effect elution antibodies from immunosorbent after had been 
stored for days. should, however, noted that the elution curve “saturated” immunosorbents more level 


after days storage than was initially (Fig. 5). appears that the antibodies become more firmly attached 
after storage, was also observed Islaiker [7]. 


Fractionation Pure Antibodies the Use Eluent Solutions Different Acidi- 
ties 


was shown earlier paper that possible, the use eluent solutions different acidities, 
separate antibody fractions differing the firmness their bonding the fixed antigen [2]. The existence 
such differences between antibody fractions would more firmly established could shown that the anti- 
bodies given fraction were eluted solutions the 
same the original eluant, after readsorption 
munosorbent. With this object, immunosorbent with fixed 
human serum albumim was treated with immune serum, 
and the antibodies were eluted successively with 
solutions 3.6 (Fig. experiment and 3.2 
(Fig. experiment The fractions obtained were 
brought neutral pH, and were then adsorbed 
second portion immunosorbent, the amount which 
was proportional the antibody content the solutions. 
Successive elution 3.6 and 3.2 was then repeated 
for each fraction (Fig. experiments and may 
seen from Fig. which the protein content each 
eluate fraction expressed percentages the total 
amount eluted, fractions and were not homogeneous. 
However, the bulk the protein each fraction was still 
eluted the solution the same was used for its 
original elution experiment This evidence that 
the antibodies the different fractions doin reality 
differ from each other the firmness their bonding with 
fixed antigen. The possibility fractionating antibodies 
the use eluent solutions different thus estab- 
lished the reality the differences the properties 
the antibodies the fractions obtained, and confirms 
our earlier findings the heterogeneity rabbit anti- 
bodies serum albumins [1, 2]. 


Fig. Readsorption and elution fractions 
pure antibodies, prepared sequential elution 
with solutions different acidity. 

Elution antibodies adsorbed from immune 
serum; elution antibodies adsorbed from 
bodies adsorbed from fraction experiment 
Unshaded columns elution with solu- 
tion 3.6; shaded columns elution with 
solutions 3.2. The ordinates 
represent the protein content fractions, ex- 
pressed the total amount eluted the 
given experiment. 


SUMMARY 


Combination antibodies human serum albumin with antigen fixed cellulose the agency 
halogenohydrin proceeds practically completion within the first two minutes addition rabbit immune 
serum. With excess antibodies the immune serum the absolute amount eluted pure antibodies rises, 

but there appreciable fall the percentage amount antibodies originally added recovered the eluates. 


Elution antibodies different times after fixed antigens. order ascertain the effect 
storage the yield antibodies from immunosorbent, powder with attached antigen was 
we 
490 


possible, with the aid fixed antigens, extract antibodies from immune sera low antibody content; 


subsequent elution gives certain eluate fractions which the concentration antibodies may several times 
greater than the original serum. 


Treatment with solutions 3.2 releases the bulk the antibodies bound fixed antigen within the 
first three minutes contact. The elution curve obtained when the antibodies are washed out with NaCl 
solution 3.2 has much flatter peak than when buffer solution the same used. Storage anti- 
bodies bound fixed antigen for three days does not greatly affect the yield antibodies eluted from the 
complex, although the rate elution somewhat slower. 


When adsorbed antibodies are eluted with solutions given acidity, and the eluates are neutralized and 


readsorbed fixed antigen, the bulk the antibodies may reeluted solutions the same that used 
the first elution. 


conclusion, the author acknowledges his deep indebtedness Gurvich for his guidance the 
prosecution this research. 
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MECHANISM FORMATION GLUTAMINE FROM ASPARAGINE 
GLUTAMIC ACID ANIMAL 


Hsu 


Laboratory for the Study the Metabolism Nitrogen Compounds, 
Institute Biological and Medical Chemistry, AMN SSSR, Moscow 


1951 Mardashev and Lestrovaya [1] reported the formation glutamine from asparagine and glutamic 
acid, and, correspondingly, asparagine from glutamine and aspartic acid, rat-liver slices. These same 


transformations were later demonstrated Lestrovaya [2] slices, breis, and homogenates number animal 
tissues. 


These authors expressed the view that these mutual transformations dicarboxylic acids and their amides 


are effected through reversible transamidation reaction, i.e., intermolecular transfer the amide group, 
according the equation: 


asparagine glutamic acid aspartic acid. 


The detailed study the enzyme mechanisms involved this reaction presents considerable interest, view 
its possible importance the metabolism nitrogen compounds. Our immediate objective was prepare the 
enzyme system pure state, able study its properties. 


first, took pigeon liver for our experiments, since, according Lestrovaya amide groups 
takes place most intensively this tissue. Our experimental results soon showed, however, that the above repre- 
sentation intermolecular transfer amido groups was not applicable them. 


Our experimental results, obtained with pigeon, rat, and rabbit liver, and with pigeon brain, not confirm 
the existence the transamidation reaction. Our experiments showed that transfer the amido group from 
asparagine glutamic acid proceeds two stages, viz., enzymatic hydrolysis asparagine asparaginase, with 


subsequent utilization the ammonia thus liberated for formation glutamine, catalyzed tissue glutamine 
synthetase, according the equations: 


glutamine synthetase 


(2) glutamic acid ammonia 


glutamine 


this reaction really exists, the process formation asparagine from glutamine the presence 
aspartic acid would probably also take place two stages. 


EXPERIMENTAL 


Experimental Conditions 


our experiments used pigeon liver and rat liver, taken from well-nourished albino males diet 
fortified with casein. 


Abbreviations used the text: L-aspartic acid; Asp-NH, asparagine; Glu glutamic acid; Glu-NH, 
ATP adenosine triphosphate. 
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The chilled liver was homogenized for two min. glass homogenizer, with four volumes M/20 phosphate 
buffer. The experimental systems (total volume, contained homogenate (200 tissue), 200 
tissue slices, 100 each substrates and phosphate buffer (M/20) various The systems 
were saturated with oxygen for were then incubated constant temperature bath for min 37°, 
with shaking. For precipitation proteins, the systems were brought after incubation,by addition 
few drops dilute phosphoric acid, heated boiling water bath for min and centrifuged. 


Ammonia was determined method [4]; not liberated from the amido group glu- 
tamine during the vacuum distillation used this method, which makes applicable the determination 
free ammonia the presence glutamine. 


Glutamine was determined two different methods: 


Using preparation bacterial glutaminase, present suspension Clostridium welchii SR-12 cells 
The ammonia liberated the enzyme preparation was determined Speck's method [4]. 


Glutamine was isolated descending paper chromatography (solvent: 75:15:10 85% 
formic acid water), running the solvent two three times. The glutamine content the spots was determined 


the method Giri al. [5], photometry the ninhydrin-copper complexes Spekker absorptiometer, 
SF-4 spectrophotometer 530 my. 


Asparagine was determined from the ammonia liberated from the action asparaginase, 
prepared from guinea-pig blood serum [6]. The partly purified enzyme caused quantitative hydrolysis asparagine, 
but also liberates very small amount ammonia from glutamine (about 0.5% the theoretical amount, under 
our experimental conditions). For this reason, the determination asparagine the presence glutamine 
correction was applied for the amount ammonia produced from glutamine control systems. 


Examples results representative experiments are presented the tables; these experiments were repeated 
many times, and the results were good agreement with each other. 


EXPERIMENTAL RESULTS 


The data Table and the plate, show that incubation pigeon-liver homogenate with asparagine the 
absence glutamic acid leads considerable rise the ammonia content the system (17.6 moles), due 
the action asparaginase asparagine (System 2), while with asparagine and glutamic acid considerable amounts 
glutamine are formed (System 3). However, under identical experimental conditions regularly observed 
formation similar even larger amounts glutamine, the action glutamine synthetase glutamic acid 
and ammonium chloride added amounts moles, corresponding the increase ammonia content due 
hydrolysis asparagine asparaginase control systems without glutamic acid. 


TABLE 


Synthesis Glutamine Pigeon Liver Homogenates 7.4 
(the and Glu-NH, contents are expressed the whole system after incu- 
bation for min) 


Glu- 


additions 
17,7 


After the action 
the results chromatographic analysis. 
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TABLE 


Synthesis Glutamine Rat Liver Slices 8.0 

(the values are expressed after subtraction the 
and glutamine-N contents contro] systems incubated without added 
substrates 


Additions 


Asp Glu 

Glu (20 pmoles) 
(100 


After the action glutaminase. 
**From the results chromatographic analysis. 


TABLE 


Synthesis Glutamine Rat Liver Slices 6.0 
(see note heading Table 


Glu 


amide 

Additions u/moles 


Glu (20 pmoles) 
(100 


Determined chromatographically. 


TABLE 


Synthesis Glutamine Pigeon-Brain Brei and Rabbit Liver and Kidney Homogenates 
7.4 


0,8 


16,0 
Asp- 45,7 


the experiments with rat-liver slices (Tables and 3), using buffers different values (8.0 and 6.0), 
about moles glutamine was formed the system containing asparagine and glutamic acid (Table 
System 2). About the same amount glutamine (2.4 was formed System containing glutamic acid 
and ammonium chloride (20 moles), amount equivalent that asparagine hydrolyzed under these condi- 
tions (up 20.8 moles 8.0). found the same increase glutamine content all the systems (Tables 


Glu-NH,** 

group 

20,8 0,4 
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spots 


Formation glutamine pigeon-liver homogenates. 

Under aerobic conditions: homogenate; homogenate 

genate Asp-NH, Glu; homogenate Glu (20 moles). 


TABLE 


Comparison Glutamine Synthesis Pigeon-Liver Homogenates Under Aerobic 
and Anaerobic Conditions 7.4 
and AGlu-NH, expressed moles the systems) 


Additions 


Glu 


Asp 

Glu (20 pmoles 
Glu (100 


and 3), determined enzymatically and paper chromatography, except System which large 
amount (100 moles) ammonium chloride had been added (see discussion). was shown special tests 

the enzymatic method for determination glutamine, the presence high concentrations ammonia 
inhibits the activity Clostridium welchii SR-12 glutaminase. The inhibition the competitive kind, and 
with large excess ammonia deamidation glutamine totally suppressed. For this reason, systems high 
ammonia content the enzymatic method determination glutamine has replaced different method, 
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TABLE 


Synthesis Glutamine Pigeon-Liver Homogenates 7.4, the Presence Different 
Concentrations NaF 


Nithout NaF With NaF 


Asp 


(20 


such as, for example, our paper chromatographic method. The results the chromatographic method showed 
that liver glutamine synthetase produced much, only slightly less,glutamine the presence 100 
pmoles chloride. obtained completely analogous data investigating the formation 
glutamine the gray pigeon and the homogenates rabbit kidney and 


Quite similar data were obtained for glutamine formation pigeon brain brei, and rabbit liver 
and kidney homogenates (Table 4), 


next examined the effect glutamine synthetase inhibitors formation glutamine from asparagine 
and glutamic acid pigeon-liver homogenates, order elucidate the part played this enzyme the 


amidation process; amidation glutamic acid ammonia systems containing the same homogenate 
was followed under identical conditions. 


known that various substances, such NaF and Crystal violet [7], inhibit anaerobic glutamine synthesis 
from glutamic acid and ammonia, catalyzed glutamine synthetase, with participation ATP. 


Our findings are presented Tables 5-7. The date these tables indicate that the activity asparaginase 
unaffected exclusion oxygen (Table the presence NaF (Table Crystal violet (Table 7). 


The data Table show that synthesis glutamine from glutamic acid and ammonia almost totally 


suppressed atmosphere nitrogen. Formation glutamine from asparagine and glutamic acid inhibited 
equal extent under these conditions (see, also, 


TABLE 


Synthesis Glutamine Pigeon-Liver Homogenates 7.4, the Presence 
Different Concentrations Crystal Violet 


Crystal violet 


Additions 
Glu 
(20 pmoles) 0,8 21,9 17,8 4,6 0,6 


Addition NaF (Table Crystal violet (Table gives equal percentage inhibition synthesis 
glutamine from glutamic acid and ammonia from asparagine and glutamic acid. noteworthy that varia- 
tions the concentration inhibitor cause parallel variations the extent which glutamine formation from 
glutamic acid and asparagine from glutamic acid and ammonia inhibited. 
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TABLE 


was determined with the aid guinea-pig serum 


Additions 


Glu-NH, 
L-Asp Glu-N 
(20 pmoles) 


Table presents the results one the experiments with rat liver slices, which investigated 
formation asparagine from glutamine and L-aspartic acid, well from L-aspartic acid and ammonium 
chloride. Paper chromatography the systems gave evidence formation asparagine them. Asparagine 
gives fainter color reaction than other amino acids, and this may interfere with the photometric analysis 
For this reason used guinea-pig serum asparaginase for the determination asparagine 
The results obtained showed that the increase asparagine content was either zero very insignificant. 
was even smaller systems which glutamine was added instead ammonia. 


DISCUSSION RESULTS 


The experiments described above showed that all the tissues examined hydrolyzed asparagine with libera- 
tion ammonia, and that they were able, from added ammonium chloride and glutamic acid, synthesize 
much more glutamine than from corresponding amount asparagine and glutamic acid. 


Lestrovaya [1, did not, her experiments, include controls for hydrolysis asparagine asparaginase 
under her experimental conditions; for this reason, she could not assess the amounts ammonia being formed from 
asparagine these Lestrovaya states that under the conditions her experiments she was unable 
observe direct amidation glutamic acid through the agency glutamine synthetase; this reaction did take 
place, must have been slower one than that glutamine synthesis from asparagine. However, the cor- 
responding control experiments she added high concentrations ammonium salts (200 volume 
ml), and determined the rise glutamine content the protein-free filtrates, using Clostridium welchii SR-12 
glutaminase the analyses. have shown, this method not applicable the determination relatively 
small amounts glutamine the presence large excess 


Using chromatographic method, were able show that much glutamine formed from glutamic 
acid and ammonia, using high concentrations ammonium chloride, from asparagine and glutamic acid. 


The participation glutamine synthetase the formation glutamine the expense added ammonium 


Pigeon liver, glutamine synthetase activity which much higher than that mammalian 
liver, gives correspondingly higher yields glutamine, both from asparagine and from ammonia. 


Factors which inhibit the glutamine synthetase system, viz., anaerobic conditions, and various concen- 
trations two inhibitors (NaF and Crystal violet), inhibit formation glutamine the expense asparagine 
the same extent. 


The lower efficiency utilization asparagine source glutamine amido groups than 
(in rat liver) corresponds with considerable lowering ammonia formed hydrolytically from asparagine 
weakly acid values the suspension medium. neutral feebly alkaline values the amount 
ammonia liberated liver asparaginase corresponds concentration 0.01 which, according the 
observations Speck [7] and our data, optimal for the action glutamine synthetase. 


conclude ftom our experimental results that the formation glutamine from asparagine and glutamic 
the tissues examined not the result transamidation reaction, i.e., direct transfer the 
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asparagine glutamic acid, but that involves two successive reactions deamidation asparagine 
asparaginase, followed formation glutamine from acid and the resulting ammonia. 


Lestrovaya based her views the formation asparagine from glutamine and aspartic acid the dif- 
ferences found between the amounts ammonia liberated from both amides Mycobacterium sp. amidases 
and from glutamine alone Clostridium welchii SR-12 glutaminase [3]. Inasmuch glutamine 
large excess the experimental systems, accurate determination asparagine difference was not possible. 
The data obtained paper chromatography method, and the use guinea-pig serum asparaginase, 
showed that asparagine formed the expense glutamine extremely small amount, all, and any 
case,in smaller yield than from ammonium chloride. 


SUMMARY 


Surviving animal tissues (slices and homogenates pigeon, rat rabbit liver, pigeon brain and rabbit 
kidney) form glutamine from asparagine and L-glutamate [1, 2]. 


All these tissue preparations have been shown liberate ammonia from asparagine and, upon addition 
corresponding amounts ammonium chloride and glutamate, synthesize glutamine rate equal superior 
its formation from asparagine and glutamate. The rate formation glutamine the expense either am- 
monia the amide group asparagine reduced similar degree when the activity the glutamine 
synthetase system suppressed anaerobic incubation with specific inhibitors (NaF, crystal thus 
appears that the formation glutamine the expense asparagine the result two sequential reactions, 
viz., hydrolysis asparagine and amidation glutamate glutamine synthetase. 


evidence could obtained for any appreciable formation asparagine from glutamine and aspartate 
rat-liver slices. 


The present results fail substantiate the occurrence animal tissues direct amide group transfer, 
transamidation, [1; between the dicarboxylic amino acids and their amides. 


deeply indebted Professor Braunshtein, Active Member AMN SSSR, for his constant guidance 
and help the prosecution this research. 
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EFFECT ULTRASOUND DISTILLED WATER 


Biophysics Laboratory, Institute Physics, SSSR, Krasnoyarsk 


Considerable interest attaches the study the effect ultrasound aqueous solutions chemical 
substances, and biological material. Numerous papers have been published this subject [1-7], dealing 
principle with changes taking place substances exposed directly the ultrasonic field. Far too little known 
about the effect ultrasound water. According published reports [7-10], exposure water ultrasonic 
field results the appearance hydrogen peroxide and nitrous and nitric acids. The effects ultrasound 
water were recognized chiefly from the reaction liberation iodine from added potassium iodide, due the 
oxidants formed [11]. This reaction indicated the presence oxidants, particular hydrogen peroxide. 
While engaged study the effects exposure water ultrasound, observed that was able oxi- 
dize hemoglobin methemoglobin, which then gave hematin. This reaction could, however, proceed only 
about those cases which the water had different after exposure, adjusted the about 


The reaction with hemoglobin was applied indicator reaction the study the properties water which 
has been exposed ultrasonic field. 


EXPERIMENT 


Distilled water, the initial 6.8 (measured with the aid macro-Michaelis meter), was twice 
exposed ultrasonic vibrations. The experiments were performed special open vessel made Schott glass, 
using vibrations frequency 800 and strength 5.5-7.5 surface the vibrator. The 
volume water used varied from 800 ml, different experiments. The duration exposure varied from 
min hr. After exposure, the water was allowed act aqueous solution hemoglobin constant 
temperature cuvette, light path cm, placed front the slit UM-2 monochromator. The monochromator 
was adjusted select part the spectrum falling within the a-band oxyhemoglobin 576 mp). Oxi- 
dation oxyhemoglobin was followed from the rate change optical density the solution this wave- 
length. The concentration oxyhemoglobin was the same all the experiments; this was assured adjusting 
the optical density the oxyhemoglobin solution the same value each occasion (0.3, our experiments). 


Curves showing rate change optical density oxyhemoglobin solution after addition ultrasonically 
treated water are shown Fig. From them, evident that the rate oxidation oxyhemoglobin varies 
according the concentration the oxidizing agents responsible. The final product the reaction hematin, 
resembling acid hematin its spectrum (Fig. 2). The transmittance curves were derived with the aid SF-2 
recording spectrophotometer, using uniform concentrations hemoglobin and its degradation products pro- 
duced the action ultrasonically treated water, hydrochloric acid, and nitric acid. 


thus appears that exposure water ultrasound leads the formation substance possessing certain 
degree stability, and able bring about the oxidation hemoglobin. was mentioned above, the principal 
products ultrasonic treatment water are hydrogen peroxide, nitric acid, and nitrous acid. Our experiments 
showed that hydrogen peroxide could not responsible for the oxidation hemoglobin, although present 
the treated water. these experiments treated oxyhemoglobin solution with hydrogen peroxide, con- 
centrations 0.0003, 0.003 and 0.03 with and without addition mineral acids such low concentrations 
would not themselves exert any effect hemoglobin. High concentrations hydrogen peroxide could not 
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Optical density the solution 
S 


Time,in min 


Fig. Rate change optical 
density oxyhemoglobin solution. 
With ultrasonically treated 
water; with the same water, di- 
luted half its strength; with 
the same water, diluted quarter 
its strength. 


400 500 600 


700 
Wave length 


Fig. Absorption spectra. Oxyhemo- 
globin; hematin formed the action 
ultrasonically treated water the 
sence nitrous acid; hematin formed 
the action ultrasonically treated 
water the presence hydrochloric acid; 
hematin chloride; hematin nitrate. 


evident from the table, the the 
water did not vary during exposure, whereas its 
oxidative power rose steadily with time. 


follows from our experiments that the agent 
responsible for oxidation hemoglobin cannot 
hydrogen peroxide, nitric acid, nitrous acid. 


used, since they caused foaming the oxyhemoglobin 
solution. Exposure ultrasound alkalized water, 
which any hydrogen peroxide forming would decomposed, 
still resulted the formation products able oxidize 
hemoglobin. This effect could not due nitric acid, 
since found that the nitric acid concentration the 
treated water did not, our 0.001 
Tests made with solutions nitric acid showed that 
concentrations this order had perceptible action 

hemoglobin. for nitrous acid, known that both 
the free acid and its sodium salt are able oxidize 
hemoglobin methemoglobin. therefore undertook 
experiments designed ascertain whether the oxidation 
hemoglobin ultrasonically treated water due 
nitrous According Weisler [3] and Polotskii [10], 
nitrous acid formed during the first 1-2 exposure 

ultrasound, and then oxidized further nitric acid 
hydrogen peroxide. Water exposed ultrasound for more 
than should not therefore contain nitrous acid; yet 

continued active, and its activity rose with 
increasing time exposure. When water exposed 
ultrasound with exclusion air other gases (i.e., under 
conditions true cavitation, which the cavities contain 
only water vapor formation nitrous acid theoretical- 
impossible. Accordingly, conducted our next experi- 
ments under conditions exclusion air. The water was 
thoroughly degassed, and special vessel was filled the 
brim and covered with glass plate, with closely fitting 
rubber gasket, that the water surface was not contact 
with air. The results these experiments (mean values) 
are presented the table. 


Properties Water Exposed Ultrasound 
with Exclusion Air 

Frequency ultrasound 800 kcps; intensity 
7.5 


Time 
oxidation 


hemo- 
globin 


Volume Time 


tilled 
water water 


taken, 
6,8 4,5 min 
sec 


Note: conducting the reaction oxida- 
tion hemoglobin the the water was 
adjusted approximately 


Some other substances must therefore have been formed during exposure water ultrasound. With 
the object attempting elucidate the nature this product, next repeated the experiments atmospheres 


is 

100 

500 


oxygen, hydrogen, and nitrogen. The results showed that oxidizing substances were produced all cases, 
varying yields. 


Oxygen and hydrogen were generated apparatus, and were freed dust and traces CO, 
passing through wash bottles. Nitrogen was taken from cylinder, and was purified the same way, and addi- 
tional traces oxygen were eliminated passing through pyrogallol solution. The experiments were repeated 
vessels made different materials, such glass, cellulose nitrate, and rubber, order exclude the possibi- 
lity that its walls might contribute the production the oxidizing agent. all these experiments, water 
exposed ultrasound still oxidized hemoglobin. 


According the literature [12, 13], formation oxidizing substances ultrasonically treated water does 
not require the presence oxygen, since the decomposition products water itself, due cavitational effects, 
include hydrogen peroxide, oxygen, and the radicals OH, and others. 


According Haissinsky and Prudhomme [14], the water molecule broken down and OH, which may 
recombine, yield hydrogen peroxide oxygen. 


The products these reactions, being themselves oxidants, react turn with and radicals, giving 
series exothermic reactions, sometimes the chain type, which give rise other oxidative radicals, such 
as, for example, 


The active agent formed our experiments showed high stability. some cases, the treated water retained 
its capacity for oxidizing hemoglobin after storing for month more. Moreover, this property not abolished 
boiling, which additional evidence that nitrous acid cannot the responsible agent, since destroyed 
boiling. definite statement can yet made regarding the nature the active product. may, however, 
supposed, the strength certain published data [14-16], that may identical with Bach's higher peroxide, 
which might formed recombination two radicals. 


Further study the optimum conditions for formation this product ultrasonic treatment water, and 
more detailed analysis its activity, will interest. Its preparation more concentrated form, and 
possibly its isolation the pure state, would make possible carry out more detailed study its properties, 
and its mode action organic and inorganic compounds, well biological material. 


SUMMARY 


After exposure ultrasound, redistilled water able effect the oxidation hemoglobin, with its sub- 
sequent conversion into hematin. This effect cannot ascribed the action hydrogen peroxide nitric 
and nitrous acids. requires the presence minimal amounts hydrogen ions, which appear catalyze the 
Experiments involving exposure degassed water ultrasonic field, with exclusion air other 
gases, and the presence oxygen, hydrogen and nitrogen, showed that the oxidizing agent produced all 
cases, and must formed from water itself. The view expressed that the product responsible for the oxidation 
hemoglobin may the higher peroxide which might formed from water during exposure 


conclusion, the authors thank Terskov and for their valuable advice, and for super- 
vising this research. 
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THE EFFECT TOTAL BODY IRRADIATION THE ESTIMABLE 
SH-GROUP CONTENT VARIOUS SOLUBLE LIVER PROTEIN FRACTIONS 


Rodionov and Kedrova with the participation Marchenko 


The Institute Biological and Medical Chemistry 
USSR Academy Medical Sciences, Moscow 


was shown previous communication [1] that total body irradiation rats x-rays,caused these 
animals decrease the levels estimable SH-groups the soluble proteins livers and spleens. was 
suggested that these changes were due the inactivation the protein sulfhydryl groups the products water 
radiolysis, their derivatives, and that this could subsequently lead the disruption the intramolecular 
bonds between the protein molecules, and thus the cause the disorganization the important cellular 
structures the irradiated animal. is, however, known that the soluble protein complex various organs may 
also contain serum proteins, which have been shown [2] present various tissues. 


The present investigation attempted the identification any specific soluble liver protein fractions which 
the effects irradiation are particularly pronounced with respect the sulfhydryl groups, and also determine 
the degree which these changes involve the serum proteins the liver, since the latter organ the site 


synthesis and secretion major proportion these proteins. 


MATERIALS AND METHODS 


Male albino rats, weighing 180-200 were used throughout. The animals were irradiated with the apparatus 
RUM-3, with current ma, potential 195 kv, with filters and 0.5 Cu. The irradiation dose 
was rate The animals received daily doses unit ACTH intramuscularly each 
the six days preceeding irradiation (the last injection was given min prior irradiation), and single dose 
(90 mg) cysteine hydrochloride min before irradiation. 


The administration ACTH and cysteine was employed follows. 


was shown the previous work that rats which received premedication prior irradiation showed 
maximal fall the SH-group content the soluble liver proteins the 4th-5th day postirradiation. the 
other hand, animals which were treated with ACTH and cysteine prior irradiation, these changes could 
demonstrated the earliest postirradiation period [1]. While the former case any changes SH-content may 
have been attributed actual qualitative changes the protein composition this organ, this explanation 
not tenable the latter case. Decreases the estimable content SH-groups within min irradiation could 
caused only change the properties these groups. 


The rats were killed one hour after irradiation. Liver acetone powders were prepared previously describ- 
[1]. The proteins were dissolved borate buffer (pH 8.6, ionic strength 0.03). The solutions were dialyzed 
against the same buffer, and the dialyzed solution was used for protein determination according Lowry [3] and 
for the amperometric titration SH-groups [4]. sample the same solution (4-5 was then placed 
specially constructed apparatus (Fig. for the electrophoretic separation the proteins free buffer. 


The assembled apparatus consists vertical column made 40-45 fitting machined rings (1), clamped 
together connecting rods (2) between the discs (3) and connected the electrode vessel (4). The loading and 
operation the apparatus was carried out follows. The upper and lower bent tubes (5), permanently connected 
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Fig. apparatus for the preparative separation proteins 
free buffer solutions. 

General view; detailed longitudinal section column. 

Plastic rings; connective rods; plastic discs; electrode 
vessel; connecting tubes; electrodes; cellophane membrane; 
filter-paper partitions; securing nuts; 10) rubber connecting 
sleeves; 11) internal partition electrode vessel; 12) starch gel; 
13) cells filled with buffer solution; 14) cell containing the protein 


the discs (3) and the terminal rings (1a) and (1b), were filled with warm starch gel prepared borate buffer 
(12) (pH 8.6, ionic strength 0.05). When the gel solidified, the ring (1a) was covered with cellophane membrane 
(7) and the adjacent ring (1c) was fitted on. The cell thus formed the cellophane membrane covering the gel- 
filled cell and the ring (1c) was filled with borate buffer the rim. The ring was covered with disc 

filter paper (8), care being taken eliminate any air bubbles, and the next ring was placed position. The 
cell thus formed was again filled with buffer, covered with paper, and the following ring fitted it, etc. 


The column was thus filled with buffer and subdivided into individual cells was assembled, the cells 
being separated filter paper discs (Fig. 1B). One the cells was filled with the protein solution investi- 
gated. The last ring was covered with cellophane membrane and was joined the terminal ring which, 
like ring was filled with starch. Watertightnes the entire apparatus was ensured wrapping with plastic 
insulating tape. The assembled column, tightened the connecting rods was then connected the electrode 
vessel filled with buffer (pH 8.6, ionic strength 0.1); the column was positioned that during the electrophoresis 
the proteins migrated upwards. 


The entire apparatus was cooled immersion into circulating water bath 2°. slight current buffer 
through the electrode vessel was sustained throughout the electrophoresis. The column was disconnected from 
the electrode vessels after 24-26 hours, and dismantled. The solution from each cell was pipetted out into 
separate tube. About 40-45 samples were thus obtained, and each the protein content was estimated according 
Lowry, and the SH-group content, amperometrically. The SH-group content the protein was calculated and 
expressed cysteine. 


The accuracy the experiment was checked the calculation the total SH-group content the initial 
protein sample through summation the values protein and SH-group content all samples. These values were 
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compared with the amount protein initially taken for the separation and with its SH-group content before 
electrophoresis. most cases the SH-group content before and after electrophoresis did not differ more than 
25% which indicated that the method employed did not cause considerable protein denaturation SH-group 
inactivation. 


RESULTS 


The results obtained with the soluble fraction from rat liver are presented Fig. The graph shows the 
presence five main fractions. Since the pattern was very similar that obtained Kaplanskii, Gurvich and 
Starosel'tseva [5] the separation the soluble proteins from 
rat liver, the nomenclature the fractions suggested those 
authors was followed the present case. The fraction with 
the highest electrophoretic mobility was designated fraction 
IV, while the immobile fraction was designated Fraction 
The SH-group content the various fractions the soluble 
liver protein normal rats shown Fig. 3A. compara- 
tively high SH-group content was found Fraction IV, lower 
content Fractions and and then high content 
Fraction and again low one Fraction The consider- 
able variations the SH-group content the individual 
samples within the fractions indicated the lack homogeneity 
Sample No. the protein material these fractions. Nevertheless, the 
differences the mean SH-group content between the 
fractions were sufficiently defined and were reproduced 
number experiments. The values the SH-group content 
the corresponding protein fractions from the livers 
rats are shown Fig. was found that this case the comparatively high SH-group content was 
preserved only Fraction IV. the remaining fractions the SH-group content was considerably below control 
values, 


Protein concentration(mg/ml) 


Fig. The separation the soluble liver 
proteins, 


The values the SH-group content Fraction and the other soluble protein fractions from the livers 
irradiated and normal rats are presented Table 


TABLE 


The Mean SH-Group Content the Soluble Liver Proteins and their Fractions, 
and Irradiated Rats (as cysteine) 


Total Total pro Fraction Total Total Fraction 
er 


unfrac- protein 


unfractio all after all 


Normal rats Irradiated rats 


0,83 0,48 
0,82 0,29 0,26 

0,42 
0,98 0,52 
1,00 0,49 0,47 


will seen from Table that, while the estimable SH-group content the proteins Fraction 
fell after irradiation only few percent, the corresponding decrease the remaining proteins amounted 
43%, Presented Table are results single experiment where the SH-group content each fraction was 


an 
1,06 
0,81 0,72 
1,03 
1,00 0,73 
0,98 0,76 
Mean Mean 
0,98 0,74 0,94 0,75 0,46 0,43 0,89 0,43 
ra 
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content (as 


Sample No. 


Fig. The content SH-groups the soluble protein 
fraction rat liver: control animal; irradiated 
mal. 

Thin line shows the SH-group content the various 


fractions. Heavy line shows the mean SH-group content 
the given fraction. 


estimated and irradiated animals. will seen from the data presented that the decrease SH-group 
content occurred mainly Fractions and III, there being little change either fractions 


DISCUSSION 


The present results are full agreement with previously published work [1]. Irradiation rats with 650 
caused remarkable fall the estimable SH-group content the soluble liver proteins. 


TABLE 


The Mean SH-Group Content the Soluble Protein Fractions 
Rat Liver (as cysteine) 


Fraction 


Normal rats 
0,36 0,56 


0,63 0,61 
0,57 


0,63 


Irradiated rats 


0,89 0,54 0,35 
0.43 
0,93 0,39 0,38 


a 
04 
0,82 0,91 
0.98 
1,00 0,73 
0,56 0.57 
0,66 
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was shown that the SH-group content the various fractions from normal rat livers varied considerably. 
These findings support the recently published results Azyavchik [6], who also reported unequal distribution 
SH-groups among the proteins rat livers. The highest absolute values reported the present work, com- 
pared with those Azyavchik, are probably due the use different methods protein fractionation. 


The present data also indicate that there was certain degree selectivity the inactivation the SH- 
groups various liver proteins irradiation. The inactivation was the least degree the proteins the 
fraction with the highest electrophoretic mobility (Fraction has already been shown (Kaplanskii al. [5], 
Kaplanskii al. [7]) that its electrophoretic mobility this fraction corresponded the serum albumin. was 
also demonstrated [5] that 95% the proteins this fraction alsocorresponded the serum 
gically; the other hand, the liver proteins corresponding mobility the serum globulins (Fractions and 
III) contain only small proportion protein which immunologically identical with that group. may there- 
fore concluded that the bulk the soluble liver proteins, which electrophoretically fall into the fractions 
designated and represent the nonsecretory proteins. 


The present finding the failure irradiation affect the SH-content the proteins Fraction IV, 
while the SH-content the remaining fractions was lowered significantly, taken indication that, after 
total body irradiation, are the first among the soluble liver proteins suffer inacti- 
vation their SH-groups. 

SUMMARY 


apparatus for the preparatory electrophoretic separation proteins has been described. The present 
work has confirmed published results about the unequal distribution SH-groups the various proteins the 
soluble fraction the rat liver. was also shown that total body irradiation caused decrease the SH-group 
content the nonsecretory liver proteins. The SH-groups the serum albumin the liver were found 
resistant total body irradiation. 
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APPLICATION ISOTOPIC KINETIC METHOD THE 
STUDY THE BIOSYNTHESIS PROTEIN 


Knorre 


Chemical Physics, Academy Sciences USSR, Moscow 


The use labelled atoms constitutes one the basic methods for the study the process protein bio- 
synthesis, this method, radioactive amino acids are added the systems which protein biosynthesis 
under investigation, and the rate incorporation the labelled amino acids into the various protein fractions 
From the rate change specific activity ofa given protein fraction calculated the rate 
synthesis the proteins this fraction, the rate entry into proteins from other fractions. 


The data obtained are not, however, always correctly handled biochemists. The changes specific 
activity (i.e., the number impulses recorded the counters per min per the given protein fraction) 
depend not only the rate formation new protein molecules fraction, but also certain other factors, 
which proper consideration not always given the treatment the experimental data. 


Neiman [1] has developed theoretical basis for relating change specific activity any substance 
the rate its formation, and has applied this theory his isotopic kinetic method. 


The object the present paper was derive, the basis the theory the isotopic kinetic method, 
expressions relating change specific activity protein fractions the velocities processes synthesis and 
translocation proteins within cells and cell-free systems which protein synthesis proceeding. 


Let consider the case protein being formed directly from amino acid specific activity 
should borne mind that not, general, individual chemical compound, but mixture 
different proteins. Some these proteins are metabolic flux the system, i.e., they are being newly 
formed from amino acids, and are also leaving fraction and are entering into the composition other protein 
fractions. shall arbitrarily define these labile proteins. shall designate their total amount 
and their specific activity If, addition labile proteins, fraction contains metabolically inert 
proteins, then the value will less than the total weight the fraction, and the specific activity 
will greater than the value found experimentally for the whole fraction should also borne mind 
that not only amino acid contributes the formation the protein molecules, but also number other 
amino acids, that only amino acid are used make protein, where the content 
weight amino acid the labile protein (or proteins) fraction This value need not identical with the 
content the same amino acid fraction whole, since the inert proteins may have different amino acid 
composition that the labile ones. 


Let represent the rate formation the proteins fraction and the rate which they leave the 
fraction Then the change the over-all activity fraction may expressed as: 


the same time, mg, and hence: 


an 
val 
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From these expressions derive the following: 
whence: 


Designating the fractions this takes the final form: 


can seen from this equation tnat the way which the specific activity the proteins the fraction 
changes, well the magnitude the change, depend not only the rate synthesis protein, but also 
certain other factors, viz, the mass the fraction, its fractional content labelled protein, and its content 
the labelled amino acid used marker. All these values may differ widely from each other different 
fractions, that cannot, merely from comparison the specific activities two different protein fractions, 
draw any conclusions whatsoever the relative rates protein synthesis these two fractions. 


known that very wide variations amino acid composition are found different proteins (casein, for 
example, contains 0.72 mol glycine [2], compared with 48.3 mol silk fibroin [3]; glyceraldehyde 
dehydrogenase contains 5.15 mol glutamic acid [4], compared with mol gliadin [2]). The meta- 
bolically active proportion the proteins also varies widely from fraction fraction. Thus investigating the 
formation virus and antibody proteins, they are isolated separate fractions, and are studied individual 
proteins, i.e., Yet,experiments incorporation labelled amino acids into microsomal nucleoproteins 
have shown that only about the leucine and valine present these particles metabolized [6], i.e., 
the order 0.01, about one-hundredth the above value. thus clear that inclusion into consideration 
differences the values and comparing the rates synthesis proteins different fractions, does 
not contribute merely the greater precision the results; may radically change them. 


is, however, very difficult take these factors into consideration, since methods for determining the 
values and are not generally available. 


shall, for this reason, confine our further reasoning the special case which the total 


mass protein does not change significantly during the experiment, that the expression ignored. 


Equation (1) then takes the form: 


Determination the mass the fraction requires the quantitative isolation the latter. 


The values and may determined the use radiochemical methods. the values 
and remain constant during the experiment, integration Equation (2) gives the relation: 


w 


a 
4 
ag 
tan 
m 
(2) 
dt 8 
he 
509 


Thus, the specific activity the fraction tends towards the limiting value fpa, which may found from 
the curve expressing rate change specific activity. use marker mixture which all the amino 
acids are labelled (an approximation such mixture given hydrolysis Chlorella proteins from cultures 
grown with and have identical specific activities, the limiting value will become: 


i=1 i=1 


since the sum the fractions weight all the amino acids equal unity. This enables determine 
the value i.e., the content labile proteins. From experiments involving the addition individual 
labelled amino acids can derive the values for the individual amino acids, can determine the 
amino acid composition the labile proteins. 


Formation amino acids often proceeds systems which protein synthesis being studied (this applies 
particular vivo experiments), either result their synthesis, proteolytic processes. such 
cases, from the basic formula the kinetic method [1], follows that: 


— 


where the rate formation amino acids, and their total amount. the assumption that 
significant changes take place during the experiment the total amount amino acids the rate their 
formation, obtain: 


and its solution takes the form: 


this case the specific activity the fraction will rise certain maximum value, after which will 
begin fall. 


The time needed attain this maximum value may readily found: 


% 


| 
this case, Equation (2) assumes the form: 
w w 
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Since the given system the rate formation amino acids, and their amount are constant, 


the value depends that and will, may readily shown, fall with increasing Hence, 


the position the maximum the specific activity curve any protein fraction will determined not only 
the rate synthesis protein, but also the mass the fraction and the proportion labile proteins it. 


will evident from the above considerations that the shape the specific activity curves, nor, 
fortiori, the numerical values the specific activities protein fractions, can themselves afford the pos- 
sibility evaluating the rate synthesis the proteins. has shown that conclusions the velo- 
city process proceeding organism cannot drawn from separately obtained specific activity data. 


particular, because experiments the vivo incorporation labelled amino acids the greatest 
specific activity invariably found the microsomes [7-10], does not necessarily follow that the 
microsomes that protein synthesis proceeds most rapidly. The lower specific activity the nuclei and the mito- 
chondria may consequence the greater mass these cell fractions. the light the above consider- 
ations, the exclusive role the microsomes the synthesis protoplasmic cannot taken 
having been established, and the excessive preoccupation with the study protein synthesis this cell fraction 
has scarcely been justified. This also shown Seikevitz's experimental findings [11] that incorporation 
into proteins took place intensively systems containing only mitochondria and cell sap, well 
Bates al. [12], who observed incorporation into cytochrome during incubation with mito- 
chondrial preparations, and 14], who found intensive incorporation amino acids into the proteins 
the so-called light grana cytoplasm. 


Work the fractionation microsomes has led the isolation desoxycholate-insoluble ribonucleopro- 
tein particles [5, 15] which maximum specific activity was attained within few minutes, These findings are, 
however, evidence not the rapid incorporation amino acids into nucleoproteins, but the low labile protein 
content (low value these particles. has been shown, only about the total valine and leucine 
contents the ribonucleoproteins participates the rapid exchange reaction [5], i.e., only about the proteins 
belong the labile fraction. The high value due the first place the low value determines the 


short time required for attainment maximum specific activity. 


Unfortunately the overwhelming majority papers contain information regarding the relative proportions 
the protein fractions under examination, that cannot apply the data relating changes specific acti- 
vities the formulation valid comparisons rates synthesis the proteins these fractions. Khesin's paper 
[13] dealing with incorporation into serum albumin liver, one the few cases 
which possible apply the correction for the proportions weight the different fractions. Khesin showed 
that the specific activity serum albumin rose fastest the large and, within them, parti- 
cularly fast the serum albumin fraction firmly bound and not extracted water. The ratio the specific 
activity the water-insoluble the water-soluble albumin was found 1.7. comparing these values 
was not taken into account that the mass the firmly bound albumin was twice great was that the solu- 
ble fraction, from which would follow that the rate synthesis firmly bound albumin was not 1.7, but 3.5 
times greater than water-soluble albumin. 


Ogata al. [16] who followed the incorporation into antibodies and other protein fractions 
rabbit popliteal lymph glands after subcutaneous injection crystalline ovalbumin, found that the specific acti- 
vity the antibody fraction rose much faster than did that the other fractions. These authors hence concluded 
that formation antibodies proceeded much faster than did synthesis other protein fractions, particular, than 
the ribonucleoprotein fraction. This would indicate that antibodies are synthesized different pathway. If, 
however, take into aconsideration that the case antibody individual protein isolated, i.e., 
whereas the ribonucleoprotein fraction was complex mixture proteins, which only small proportion was 
being metabolized, then becomes clear that the specific activity curves obtained could not properly 
pared, and that these authors have firm basis for their claim that the rate synthesis antibodies greatly 
exceeds that the proteins other fractions. 


The above examples show that studies incorporation labelled amino acids into proteins during their 
biosynthesis, with the object gaining information the rates synthesis the proteins, the radiochemical 
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measurements should combined with measurements the masses the protein fractions involved, and the 


processing the data should take into account differences the contents labile proteins the different 


SUMMARY 


general equation has been derived, relating change specific activity, protein fractions, into 
which labelled amino acids are being incorporated, the rate the protein. This equation 
includes, addition and three other terms: the mass, the fraction, its content, labile proteins 
taking place metabolism, and their content, labelled amino acids used tracers. 


shown that when conditions are such that changes the mass protein over the duration the experi- 
ment may ignored, and when mixtures amino acids, all which have the same specific activity hydro- 
lyzate Chlorella protein), are used the experiment, possible, from radiochemical measure- 
ments, determine the value and hence evaluate the rate synthesis the protein. 


shown that, unless the masses the fractions under comparison are taken into consideration, the data 
derived from measurements the specific activities these fractions may incorrectly interpreted. 
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THE SEPARATION SOME PROTEOLYTIC ENZYMES FROM RAT 
LIVER EXTRACTS MEANS PAPER AND ELECTROPHORESIS 


Kuzovleva and Wang Chung-yen 


Laboratory Physiological Chemistry, The Institute Biological and 
Medical Chemistry, USSR Academy Science, Moscow 


The bulk the published work dealing with the proteolytic enzymes tissues stems from the investigation 
the cathepsins the spleen and kidneys. known from the copious works Fruton and co-workers [1-4] that 
these organs contain least four distinct cathepsins, differing their substrate specificity, optimum value, 
activation characteristics,etc. Very little work has been done date the liver cathepsins. was only 
established that these enzymes were localized mainly the liver mitochondria [5] or, more precisely, the large 
secretory granules [6], where their concentration largely exceeded that any other subcellular elements. has 
also been demonstrated that the liver cathepsins, localized these particles, attacked the peptides benzoyl- 

L-argininamide and glycyl-L-tyrosinamide, which are known specific substrates for the cathepsins and 

the spleen and kidney [1, 8]. Certain data the effect the activity liver cathepsins and their 
activation albumins have been recently published Japanese workers [9, 10], but the results not allow 

definite conclusions drawn, The knowledge these enzymes paramount importance since their 
activity likely affect the results any investigations dealing with liver proteins, their isolation, biosynthesis and 
and interactions. 


view the fact that the latter processes are presently under investigation this laboratory [11, 12], 
became immediate importance study some the properties the liver cathepsins, and particularly 
establish the activity these enzymes the protein fractions isolated the various methods from the liver. 


EXPERIMENTAL 


Livers adult rats were perfused situ, excised and homogenized with one-half volume 0.85% NaCl. 
The homogenate was saturated with ether [13] and centrifuged for min 2,500rpm. The supernatant was 
decanted and heated for min 37°, and the precipitate which appeared was removed centrifugation. The 
proteins these extracts were then separated paper electrophoresis. 


Paper electrophoresis was carried out described elsewhere [13]. The solution was applied two streaks 
0.02 each marker strips, which were dried and stained for location purposes after the run. The strips 
which were subsequently used for the determination proteolytic activity received five consecutive applications 
the solution the origin. the end the run these strips were dried room temperature and cut into five 
approximately equal sections (Fig. 1), corresponding location the protein bands detected the marker 
strips. Each the five sections the electrophoregram was cut with scissors and placed into tube for the 
determination proteolytic activity. Clean sections paper approximately the same area those bearing 
the protein bands were used controls. 


gradient approximately V/cm. the end the run the entire block, length, was divided into 
sections, each wide. The proteins each section were extracted with physiological saline, the 
suspension centrifuged the cold and the proteolytic activity was estimated each extract. Protein concen- 
tration the extracts was determined according Lowry 
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Albumin 
Globulin 


Fig. Paper electrophoregrams the soluble proteins rat liver and serum. 
Arrows indicate points application proteins the paper strips; fractions are 
denominated letters [13]; the subdivision the paper strips into zones for 
proteolysis assay indicated numbers. 


The assay proteolytic activity. Bovine hemoglobin was used substrate for proteolysis all cases. 
Tests contained 1.2% solution the hemoglobin acetate-phosphate buffer, 5.4, 0.1-0.5 
the enzyme solution and, some 0.005 solution cysteine activator. The 
experimental mixtures were incubated for one hour 37°, the reaction was stopped with TCA and 
the precipitate was removed filtration after standing for min. The intensity proteolysis was measured 
the increase optical density the solutions 280 my. Zero values were obtained from reaction mixtures 
from which the enzyme was omitted. 


RESULTS 


The results paper electrophoresis the liver cathepsins are shown Fig. The proteolytic activity 
was found three the bands: the slowest-moving protein band (Band Fig. 1), the immediately following 
band (Fig. 1), which contained the bulk the extract proteins and, finally, the sectioncontaining the fast- 
moving compounds (section 5), which protein could demonstrated conventional staining techniques. 
However, when the extracts were checked the moving-boundary method Tiselius-type apparatus [15], small 
protein fraction, with mobility higher than that the serum albumin, was detected the liver. mentioned 
above, the protein content this fraction was very low, and comprised about the total protein the 
extracts. The specific enzymatic activity (per protein) this zone was therefore higher than zones and 
although the absolute activity all zones was approximately the same order. 


The further study the cathepsins thus separated required the isolation these fractions larger amounts, 
and this was achieved electrophoresis. Presented Fig. are the results representative run. 
comparison the absolute activities showed that the highest enzymatic activity was located the sections 
and (curve 2). may seen from Fig. that the mobility the material section was somewhere be- 
tween the mobilities serum and i.e., corresponded the zone paper electrophoresis or, 
more precisely, the fraction within this zone (Fig. 1). Section corresponded mobility the serum albumin. 


The corresponding zone paper electrophoresis (zone Fig. could not shown contain any proteolytic 
activity. 


the sections and 12, containing the fast-moving components, the proteolytic activity was low compared 
with that found the corresponding section the paper This was probably due the low 
protein content this fraction and the high dilution which resulted from the extraction into saline. 
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Optical density 


protein per extract 


Absolute activity 


Fig. The proteolytic activity the liver proteins 
separated paper electrophoresis. 

absolute activity, activity per 
protein. Columns represent total protein zone, 
mg. Protein content zone was taken 
total protein. Zone numbers are the same 


This was confirmed the fact that the specific enzy- sections 


matic activity this zone (Fig. curve sections Albumin 
and was, the case paper electrophoresis, 


Globulins 
several times higher than that the other zones. 


The same held for the proteases the Fig. Proteolytic activity the liver proteins 
moving components. may seen from Fig. that, separated starch-block electrophoresis: 
due the low protein content sections and Protein content the fractions obtained from the 
(curve 1), the absolute enzymatic activity these starch; absolute proteolytic activity without added 
cathepsins was quite low (curve 2), while the specific cysteine; specific activity without cysteine; 
activity (curve was considerable. specific activity the presence added cysteine, 
Arrowsindicate origin. The corresponding positions 


The isolation the cathepsin fractions from the 
serum proteins are shown below the diagrams. 


starch block provided the opportunity study the effect 
cysteine the activity these enzymes. Certain 
cathepsins, notably cathepsin are known activated the present experiments, the 
cathepsins with the maximal and minimal mobilities (sections 1-2 and 11-12) were shown intensively 
activated cysteine. However, the addition cysteine the cathepsins from sections and did not markedly 
enhance their enzymatic activity (Fig. curves and 4). 


study optima revealed that the terminal sections (1-2 and 11-12) contained enzymes with activity 
optimum the region 6-7 (Fig. and b). 


the other cathepsins present, those section (Fig. showed optimum 3.5. The relative 
amount this enzyme liver sufficiently great impose its optimum the crude liver-extract protease 
activity, which was found near the value 3.5 (Fig. d). 


Within the limits 10.5, definite value could found for the optimum the proteases 
from section This may possibly have been due the nonhomogeneity this fraction, which may contain 
number active enzymes. mentioned above, proteolytic activity could detected the corresponding 
zone the paperelectrophoretic separation (Figs. and zone 4). 


The presence additional optima the sections and 1-2 (Fig. and was apparently due 
certain amount cross-contamination between these fractions. 
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Fig. The effect incubation mixture the specific activity the liver 
proteases separated starch-block electrophoresis. 
numbers were the same Fig. Buffer solutions range 2-7) 0.1- 
0.2 citrate-phosphate; range 7-11) 0.2 glycine-NaOH. 


DISCUSSION 


The results suggest that the proteolytic enzymes the liver may separated into least three components. 
Two those (sections 1-2 and 11-12, Figs. and appear similar their biochemical properties (pH 
optimum, activation cysteine), but differ considerably their electrophoretic mobilities. Fraction 1-2 had 
very low mobility, showing slight displacement the cathode, while fraction 11-12 showed very high mobility 
whose value was excess that the serum albumins. There are present definite indications about the 
nature the difference between those two enzymes, but the possibility not excluded that this difference involves 
merely the molecular weight and charge the protein, and not the active centers. has been reported [16] that some 
some proteolytic enzymes retain certain their activity after autolysis, which indicates the 

vation the intact active center the enzyme. Under the conditions the present experiment,opportunity for 

certain amount autolysis existed during the period extraction (10-min heating the crude extract); this 

would have caused change the molecular size and charge the protein, thus affecting its mobility. Since 

not all the molecules would attacked during the period, possible that fractions 1-2 and 11-12 represent 

the various stages this process. interest note that the fraction 11-12, which contained very little 

protein apart from the cathepsin indicated above, also contained number other enzymes, notably those 

responsible for the synthesis amino acids from ammonia and keto acids [17]. view this,the latter fraction 
presents considerable interest for further study. 


With regard the proteolytic activity section (Fig. and 4), evident that the cathepsin responsible 
for this activity differs considerably from those present sections 1-2 and 11-12. Its optimum lies the acid 
region 3.5; furthermore, not activated cysteine. these criteria this cathepsin resembles the spleen 
cathepsin described Fruton [18]. The specific activity this enzyme was not found very high, but its 
content this fraction was considerable that determined the general pattern the total proteolytic activity 
the liver extract, imparting its optimum 3.5. 
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considerable amount proteolytic activity was found section after starch electrophoresis; this 
corresponded the location the liver albumins. However, proteolytic activity could found the same 
fraction after separation paper electrophoresis. Definite optimum for the enzyme this fraction could 
not determined. This prompts the conclusion that this section the starch block contains more than one 
enzyme, including, possibly, some the enzymes from sections and 11-12. 


The final solution the question about the nature the liver cathepsins must await the resolution these 
enzymes additional procedures other than electrophoresis. 
SUMMARY 


was shown, through the application paper and starch-block electrophoresis, that least three cathepsins 
were present liver extracts. One these was activated cysteine and its optimum activity occurred 
Its electrophoretic mobility under the experimental conditions was higher than that the serum Its 
content the liver was low, but its specific activity was considerably higher than that the other cathepsins. 

The second isolated cathepsin had low electrophoretic mobility. Its optimum value was approximately 
This enzyme was also considerably activated cysteine. The third proteolytic enzyme the liver was only 
slightly activated cysteine, and its optimum was the region Its electrophoretic mobility was 
that the and rat serum. The liver extract contains large amount this enzyme, 
whose predominance there determines the character the general proteolytic activity liver extracts. 
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THE CONTENT FREE NUCLEOTIDES NUCLEOSIDES, PURINE 
AND PYRIMIDINE BASES SOME TISSUES HEALTHY AND 
IRRADIATED RABBITS 


Rysina 


generally known the present time that irradiation animals leads decreased content 
nucleic acids the tissues [1-5]. can shown that this effect due, the one hand,to inhibition the 
synthesis the acids, and,on the other. increase their breakdown. The explanation the mechanism 
loss nucleic acids the tissues one the most important problems contemporary radiobiology. 


connection with this problem there definite interest studying the free fragments the nucleic 
acids, namely, nucleotides, nucleosides, purine and pyrimidine bases, since these substances are both products 
splitting nucleic acids and material for their synthesis. Nevertheless, there not only insufficient study 
the transformations the nucleic acid fragments after irradiation, but also their content the tissues 
healthy animals. The most complete study this field the work Dorough and Seaton [6] who determined 
these substances various mouse tissues. The information the radiobiological effects very disconnected. 
Thus, Bishop and Davidson [7] found increased content desoxyribosides and desoxyribotides the appendix 
and thyroid gland rabbits 4-24 hours after irradiation with dose Analogous effects were shown 
Kanazir and Errera [8] after the actionof ultraviolet light coli. Mitchell [9] also reported increase 
acid-soluble substances which absorbed ultraviolet light irradiated cancerous tissue. the same time, 
Brodskii and Suetina [10] using cytochemical method found sharp decrease nucleotides the cells the 
bone marrow mice after irradiation with dose There information the decreased concentration 
some nucleotides the thymus irradiated rats [11]. 


can say that all the studies except the last, identification the individual substances was not 
ried out. 


The present work intended study the free fragments nucleic acids the tissues healthy and 
irradiated rabbits. 


METHODS 


The experiments carried out rabbits, which served controls, and were submitted the 
action from cobalt source dose 1000 with average force r/min. The animals were 
killed air embolism different periods after irradiation: 10-15 min, 12, and hours, four rabbits each 
day. 


The tissues studied were removed from the animals quickly possible and sample was 
frozen liquid nitrogen. The thawed tissue was homogenized glass homogenizer with twice the volume 
perchloric acid for min with cooling. The homogenate was centrifuged, the liquid was collected, and the 
precipitate was washed with and the wash solutions combined with the main extract. The resulting 
extract was freed from glycogen adding ethyl alcohol the cold. Then the perchloric acid was separated 
neutralization with KOH the presence neutral red, and after filtration, the liquid was completely eva- 
porated vacuum. The dry residue was dissolved and repeatedly washed with chloroform 
full removal fats, which interfere with chromatographic determination the nucleic acid fragments. The 
washed solution was dried vacuum and the precipitate again dissolved minimum volume NH,OH. 
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Solution 


Paper chromatographic separation 
nucleic acid fragments (from 
rabbit bone marrow). Aa) adenylic 
acid; Ga) guanylic acid; Ia) inosi- 
nic acid; Ua) uridylic acid; Ad) 
adenosine; Is) inosine; Ud) uridine; 
Gn) guanine; Hx) hypoxanthine; 
Uc) 


Solutions and 


nucleotides could include di- and triphosphates. 


part this solution, equivalent 0.5-0.8 tissue was placed 

sheet chromatographic paper, cm, and separated with 
three systems solvents the ascending method. The solvents had 
the following composition: n-butyl alcohol-glacial acetic acid- 
water acetone-n-butyl alcohol-water (8:10:10); 
saturated aqueous ammonium sulfate solution-isopropyl alcohol-water 
The first two solvents were passed one direction; the 
third perpendicular them. The separated substances were identified 
their positions the chromatogram [6] and their ultraviolet 
absorption spectra which was determined SF-4 spectrophotometer. 


the figure give example the chromatographic separa- 
tion fragments the nucleic acid from bone marrow. 


should remark that the use this method does not permit 
establish whether the substances determined are fragments DNA 
RNA; special reactions for the corresponding carbohydrates were 
not carried out. 


Also, di- and tri-phospho derivatives the nucleotides which 
should present the tissue extracts were not separated chromato- 
graphically from the monophosphates. Hence, the observed amount 
the other hand, the experimental conditions were sufficiently 


severe that these compounds apparently passed into the monophosphate form. 


RESULTS 


The content free nucleotides, nucleosides, purine and pyrimidine bases six tissues healthy and 
irradiated rabbits given Tables 1-6. From them can see that the studied tissues healthy rabbits, 
except for blood,contain the same substances. quantitative ratios the nucleotides predominate (adenylic, 
uridylic, and guanylic acids). the blood observed the presence quantity adenylic acid only; the 
other substances were foundin minimum concentration were absent altogether. 


The character the change content these substances different tissues after irradiation differed. 
remark once that below will consider only the statistically significant variations 0.05). 


TABLE 


Content Free Fragments Nucleic Acids the Liver Healthy Rabbits 
Various Times after Irradiation Wet Tissue* 


Substance 


Adenylic acid 


Guanylic acid 214, 
Inosinic acid 


Uridylic acid 
Cytidylic acid 
Adenosine 
Guanosine 
Uridine 

Adenine 
Guanine 
Hypoxanthine 
Xanthine 
Uracil 
Cytosine 


Control 
animals 


Irradiated 


133,0 


*The results all the tables are given the form arithmetical averages with the mean 


error. 
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TABLE 


Substance 


Adenylic acid 


Control 


animals 


Content Free Nucleic Acid Fragments the Spleen Healthy and Irradiated Rabbits 
Various Times After Irradiation Wet Tissue 


10-15 min 


Irradiated animals 


Guanylic acid 228, 171,5 107 ,04-19,5 

Cytidylic acid 

Guanosine Traces 

Cytidine 

Adenine 21,0 13,5+0,5 

Xanthine 

Cytoxine 9,0+0,5 10,5 32,5 14,0 


TABLE 


Substance 


Adenylic acid 
Guanylic acid 
Inosinic acid 
Uridylic acid 
Cytidylic acid 


Control 


animals 


Adenosine 
Guanosine 9,5 
Inosine 
Uridine 
Adenine 

Guanine 
Hypoxanthine 
Xanthine 
Uracil 
Cytosine 
Thymine 24,0 


hypoxanthine increases one and half two times. 


Content Free Nucleic Acid Fragments Lymphoid Tissue Appendix Healthy 
and Irradiated Rabbits Various Times After Irradiation Wet Tissue 


Irradiated animals 


486 
36, 


28,0 13,543,0 16,5 


the liver (Table min after irradiation the content guanylic and uridylic acids, inosine and 
the experiment the content acid 
increases still more considerably; later drops off evenly, but the end the day still twice high 

the initial value. observed increased content adenylic acid and hours after irradiation, adenosine 
after hours, inosine after hours. Inosinic acid, found only the two healthy rabbits, was observed after 
irradiation,in one case, after min. 


the spleen (Table the concentration uridylic acid increased (after and Adenosine fell 
immediately after irradiation,and beginning four hours, was not observed all. After hours there was 
fall content uridine, inosine, and hypoxanthine; inosinic acid was absent. 
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TABLE 


Content Free Nucleic Acid Fragments Bone Marrow Healthy and Irradiated 
Rabbits Various Times After Irradiation Wet Tissue 


Adenylic acid 


Control 


Irradiated animals 


Cytidylic acid 7,5 15,5 


TABLE 


Content Free Nucleic Acid Fragments Mucous Membrane Small Intestine 
Healthy and Irradiated Rabbits Various Times After Irradiation (in Wet Tissue) 


Control Irradiated animals 

Inosinic acid 35,0 16,0 


the appendix (Table there was small, statistically slight rise the amount uridylic acid and 
inosine immediately after irradiation, with sharp rise after four hours. After and hours the content 
these substances fell compared the four-hour value, but was above normal. 


bone marrow (Table changes were slight. Only after hours was there increase amount 
inosinic and uridylic acids. the end the first day the content these substances became normal and the 
concentration adenosine and uridine fell. 


the small intestinal mucosa (Table min after irradiation there was some fall the amount 
adenylic acid and sharp fall 2-3 times the content guanylic and uridylic acids, adenosine, inosine, 


> 
2% 
a | 
i 
— 
é 
i 
= 
7 
q 
4 
? 
i 
. 
3 
521 


TABLE 


Content Free Nucleic Acid Fragments the Blood Healthy and Irradiated Rabbits 
Various Times After Irradiation Wet Tissue 


| 

Inosine 8,54+3,0 Traces Traces 
Hypoxanthine 8,0 Traces Traces 
Uracil Traces Traces Traces 
Cytosine Traces Traces Traces 


and guanine, After four hours the content nucleic acid fragments did not differ from the normal any case, 
except decrease for guanine. After and hours there was clear decrease content uridylic acid, 
inosine, adenine, guanine and hypoxanthine; adenosine was not found all. The content uridine this 
period, however, increased. 


blood (Table after irradiation, the amount adenylic acid increased somewhat, reaching maximum 
value the fourth hour. other changes were found. 


DISCUSSION RESULTS 


The present investigation shows that rabbit tissues there considerable amount free nucleotides, 
nucleosides, purine and pyrimidine bases. The results are close those Dorough and Seaton obtained 
mice [6]. Thus, the liver and spleen rabbits and mice, with small exceptions, there are the same substances, 
but the content these substances rabbit tissues higher. The actual difference that rabbit tissues there 
considerable amount guanine and guanylic acid, while Dorough and Seaton did not observe them. They 
were inclined explain this deficiency the full destruction cellular structure the method homogeniza- 
tion which they used. 


The study the effect radiation showed that the tissues irradiated animals there was considerable 
change quantitatively the nucleic acid fragments; the level nucleotides most tissues increased. The 
content uridylic acid increased especially clearly and regularly the liver, spleen, bone marrow, and 
appendix, which apparently connected with increased activity ribonuclease, the action which the 
pyrimidine nucleotides are liberated. favor such assumption the appearance normally undetected 
cytidylic acid the liver, appendix, and bone marrow 4-12 hours after irradiation, when the content uridylic 
acid ata maximum. There are reports the literature increased activity ribonucleases the homo- 
genates liver and spleen from rats after irradiation with doses 600-700 The high level uri- 
dylic acid the tissues irradiated animals also can maintained inhibition its dephosphorylation. 
Therefore there should fall uridine content which actually observed the spleen and bone marrow. 
The decreased activity uridylic acid dephosphorylases the rat spleen after irradiation doses 325-1300 
was found Smith and Low-Beer [14]. 


the mucosa the small intestine the reverse effect occurred: the content uridylic acid fell after 
irradiation and the amount uridine increased the same time. One the possible explanations this 
the increased activity the uridylic acid dephosphorylase this tissue. This enzyme evidently enters the 
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intestine from the pancreas which considerable activation the enzyme has been observed after irradiation 
[14]. 


The change purine derivatives the tissues has less clear and regular character than the case 
pyrimidine derivatives. the majority cases the most probable explanation this also the occurrence 
shift number enzyme systems. For example, the increased content adenylic and guanylic acids the 
liver may due activation desoxyribonuclease [15], and the obvious increase inosine concentration 
the liver and especially the appendix indicates the increased deamination adenosine these tissues. 
must observed, however, that [16] special experiments did not find increased activity adeno- 
sine deaminase and nucleoside phosphorylase the rat liver after irradiation. 


Thus have attempted explain the change nucleic acid fragments mechanism based activa- 
tion and inhibition some enzyme processes. Nevertheless, where evaluate the data which indicate the 
accumulation these substances the tissues can follow another path, suggested Bishop and Davidson 
They consider the accumulation nucleic acid precursors due the inhibition synthesis DNA and 
RNA after irradiation. From this point view the characteristic reactions the bond marrow and mucosa the 
small intestine which have minimum change decrease nucleotides and other substances are perhaps 
connected with the specific ability these tissues restore nucleic acid syntheses rapidly the first day after 
[5, 17]. assume that the decrease nucleic acid fragments the tissues depends directly the 
destructive action radiation not well founded since irradiation even pure water solution these substances 
concentrations close the biological does not cause any change doses 1000 [18]. 


SUMMARY 


have studied the content nucleic acid fragments rabbit tissues. the liver, spleen, appendix, 
bone marrow and mucosa the small intestine have found adenine, guanine, hypoxanthine, uracil, and the 
corresponding nucleosides and nucleotides, with the latter predominating quantitative ratio. blood, only 
adenylic acid present appreciable concentration. 


have irradiated rabbits doses 1000 and this causes changes the quantitative composition 
these the liver, appendix, spleen, and bone marrow, the uridylic acid content increased and 
number cases cytidylic acid, not present the normal case, appeared. the last two tissues the uridine 
tent decreased. the mucosa the small intestine the uridylic acid content fell and the uridine content rose. 


Among the purine derivatives the greatest change was shown inosine (it increased liver and appendix, 
decreased spleen), adenosine (rose liver, fell spleen and bone marrow), adenylic acid (increased liver), 
and hypoxanthine (increased liver, decreased spleen). 


have presented possible mechanism for the change nucleic acid fragments. 


express deep thanks Libinzon for guidance the work. 
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ENZYMATIC HYDROLYSIS THE GLYCOALKALOIDS 
SOLANUM AVICULARE 


Bakh Institute Biochemistry, Academy Sciences USSR, Moscow 


showed previously [1] that enzyme preparations obtained from the juice potato sprouts cause hydro- 
lysis bystepwise splitting the sugars. intermediate products the and solanine 
are formed. The same enzyme preparation produces hydrolysis but different way: the 
first stage one molecule rhamnose split out with formation -Chakonine hydrolyzed 
enzyme solanidine without formation intermediate product. 


becomes interesting explain whether such mechanism splitting sugars peculiar only 
solanine and chakonine whether other glycoalkaloids analogous solanine and chakonine are hydrolyzed 
similar way. 


the object our investigation chose the glycoalkaloids Solanum aviculare. 


Kuhn and Low [2] isolated from the leaves Solanum aviculare two glycoalkaloids, solasonine and 


margine. interesting that the same sugars are found the sugar portion these glycoalkaloids the 
glycoalkaloids the cultivated potato: glucose galactose rhamnose, and 


Kuhn, Low, and Trischman [3] established branched structure for the sugar component 
solatriose, and assumed for the rational name They also 
[4] showed branched structure for the sugar component a-chakonine, named chakotriose, and gave the 
following rational D-glucose. 


The structure the sugar components a-solasonine and not yet established but analogy 
with the glycoalkaloids from Sol. tuberosum can assume that they are identical with solatriose and chakotriose, 
respectively. 


EXPERIMENTAL 


For the isolation solasonine and solamargine used leaves Solanum aviculare, The mixture 
glycoalkaloids was isolated extraction with acetic acid and later precipitation ammonia. Separation 
the mixture was carried out column and a-solasonine and were isolated pure 
form. obtain the and y-forms these glycoalkaloids (the forms with incomplete number sugars) 
carried out partial acid hydrolysis the separated and a-solamargine with 0.1 with 
later separation the hydrolysis products the column. All the preparations which obtained showed 
paper chromatography complete homogeneity. The purity our preparations was also checked the color 
reaction Alberti [5]. The method paper chromatography the system butanol-pyridine-water 
confirmed that the sugar part the galactose, glucose, and rhamnose occurred [6]; the sugar 
portion and glucose and rhamnose; the sugar part 
glucose. For y-solamargine determined the optical activity, which was —89.3° (in methanol). 
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the experiments used enzyme preparation which was obtained from the sprouts cultivated 


The experiments were analogous those which ran the previous communication [1] with slight 
changes: the enzyme was inactivated addition equal volume glacial acetic acid; the precipitate 
glycoalkaloids after alkalinization was dissolved 40% ethanol which contained 10% acetic acid. These 


changes were introduced because the poor solubility solasodine and the solamargine and solaso- 
nine dilute acids. 


RESULTS 
The experiments were run study the splitting sugars from and a-solamargine. 


The results (Table showed that the enzymes from sprouts cultivated potatoes caused splitting sugars 
from both glycoalkaloids. 


The basic problem our study was explain the mechanism splitting the sugars from the a-forms 
solasonine and solamargine. For this purpose, the products enzymatic hydrolysis were studied paper chro- 
matography. When was used substrate, found the following picture the chromatogram: 


Exposure, hours Found chromatogram 


Solasonine 

-Solasonine solasodine 


From the chromatographic data can see that the enzymatic splitting a-solasonine solasodine 
occurs stepwise fashion: the first step rhamnose split and -solasonine formed; then from -solasonine 
glucose split off and formed, from which the splitting galactose forms solasodine. this 
case, the order splitting the sugars exactly the same found enzymatic splitting a-solanine [1]. 


When studied the order splitting sugars from a-solamargine, obtained different results: 


Exposure, hours Found chromatogram 


a-Solamargine 

a-Solamargine g-solamargine solasodine 


Thus, the results from chromatography show that enzymatic hydrolysis solasodine, like 
the hydrolysis a-chakonine occurs without the stage the y-form intermediate product. 


For confirmation these results ran experiments with and solasonine and solamargine 
substrates. 


From the results (Table can conclude that the solamargine like the y-form chakonine 
not hydrolyzed enzyme preparation from cultivated potato sprouts. the paper-chromatographic experiments 
with mixtures the solamargine the substrate,we did not observe formation the aglycone, sola- 
sodine. the same time, all the other cases found solasodine the final product enzymatic hydrolysis. 
This confirmed that not intermediate product the enzymatic splitting a-solamargine 
and probably not formed the plant (in distinction from considerable quantity which was 


found the leaves Solanum aviculare). 


the basis these results the enzymatic process hydrolysis a-solamargine can considered 
follows: the first stage, one molecule rhamnose split from a-solamargine and 
formed. The enzymatic hydrolysis -solamargine not then clear; possibly the 
split two sugars remain, glucose and rhamnose, originally split disaccharide which then rapidly splits into 
its component monoses, should remark that both these sugars, glucose and rhamnose, were found 
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TABLE 


Enzymatic Hydrolysis a-Solasonine and 


Loss Loss 


ours 


' 


Time experi 


sample 


= 


have shown that the glycoalkaloids Solanum aviculare, solasonine and solamargine, are hydrolyzed 
the enzyme from cultivated potato sprouts. 


The sugars from are split stepwise manner with formation and y-forms solasonine 
intermediate products the enzymatic reaction. 


The enzymatic hydrolysis the aglycone occurs differently: with the formation 
intermediate the without the The solamargine not hydrolyzed the enzyme 
preparation from potato sprouts. 


paper chromatography the products enzymatic hydrolysis -solamargine. 


TABLE 


Enzymatic Hydrolysis and 
sonine and and 


per sample sugar in 


the 
hours initial 


Alkaloid 


These results lead the opinion that the structure 
the sugar parts the glycoalkaloids Sol. aviculare 
probably have exactly the same structure the correspon- 

ding glycoalkaloids from Sol. tuberosum, that is, can assume that the sugar part solatriose, 

and a-solamargine, chakotriose. 


SUMMARY 
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THE ADSORPTION AND ELUTION THE ACTIVE PROTEIN 
THE TOXOID SEPTIC VIBRIO 


Division Biochemistry the Gamalei Institute Epidemiology and 
Microbiology, Academy Medical Sciences, USSR, Moscow 


The adsorption active proteins from solution inorganic adsorbents and their later elution great 
interest connection with the problem isolation pure proteins [1, and also with the wide practical use 
adsorbed preparations medicine. has been shown that the use immunizing preparations the adsorbed 
form improves their immunizing effect considerably [3-6]. 


The purpose this work study the optimum conditions for the adsorption toxoid septic vibrio 


hydrated aluminum oxide and show the possibility isolating specific antigen the adsorption-elution 


MATERIALS AND METHODS 


Preparations the toxoid septic vibrio were obtained concentration the native toxoid precipi- 
tation with hydrochloric acid the isoelectric region the presence sodium chloride and later purification 
the resulting concentrate reprecipitating with cold acetone definite fonic strength and for each con- 


centration the protein. The acetone precipitate was dissolved physiological saline and dried lyophili- 
zation. 


The activity the preparation was determined fixation units (fu) with standard antiserum. For each 
total nitrogen the preparation contained 300-500 units activity. The total nitrogen was determined 
the micro-Kjeldahl method, the ultraviolet absorption spectrum was measured SF-4 spectrophotometer. 


Adsorption was carried out hydrated aluminum oxide phosphate and acetone buffers different 
values, ionic strengths, and temperatures. 


For the preparation hydrated aluminum oxide, 500 was dissolved 1.5 liters distilled 
water, heated 55° and with intensive stirring, liters 15% ammonia solution, heated was poured 
in. The mixture was heated for min 55-58°. The suspension precipitated hydrated aluminum oxide was 
poured into distilled water and water was added 18-20 liters. After the precipitate had stood for one and half 
two hours, the supernatant liquid was poured off and the precipitate was washed four times with the same 
volume water. For separation the residue basic sulfate, the precipitate was treated with liters 15% 
ammonia solution and shaken 5-10 min, The supernatant liquid was poured off, the precipitate was washed many 
times with water decantation and then transferred linen filter and washed the filter until reaction for 
ammonia disappeared. The precipitate which collected the filter was suspended water and sterilized 
119.6° for min. The suspension contained 1.2-1.4% determined igniting suspension 
muffle oven. The sterile hydrated aluminum oxide was not kept for more than month. 


Course adsorption experiments. quantity 40-50 dry toxoid preparation was dissolved 0.5- 
water. placed 0.2 concentrated toxoid solution series test tubes and added buffer 
The control tubes were diluted with physiological saline. added the solution toxoidin buffer 
0.20 adsorbent calculated that all the sample toxoid was adsorbed. The mixture was shaken, and, 
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the end definite time, the adsorbate was separated centrifuging. The supernatant liquid was used for 
determining the results the adsorption compared the control. 


Course elution experiments. About 150 dry toxoid preparation was dissolved 1.5 water, 
0.5 the solution was taken characterize the starting material, and the remaining concentrated 
solution was treated with 2.5 0.05 phosphate buffer, 5.5, and adsorbent, calculated that 
all the toxoid was adsorbed. After separation the adsorbent centrifuging, added eluting buffer the 
was well mixed with the buffer; after definite period time the eluate was separated 
centrifuging, and the biological activity was determined it. 


RESULTS 


Adsorption the toxoid septic vibrio phosphate and acetate buffers did not take place the same 
way. the phosphate buffer there was strong dependence the degree adsorption the protein 
the molarity the buffer; with decreasing molarity from 0.01 the same pH, adsorption increased three 
times more. the acetate buffer with the same differences molarity, the adsorption toxoid the same 
preparations increased only little more than twice (Table 1). 


TABLE TABLE 


Adsorption Septic Vibrio Toxoid Protein Relation Amount Toxoid Protein 

Figures denote protein the Protein the Starting Solution 
supernatant liquid after adsorption Adsorption from 0.01 phosphate buffer, 


6.9 
Toxoid 


series Toxoid series 


Phosphate buffer, 6.9 
Concentration protein starting solution 


mg% 


12.60 13.10 24.08 
Acetate buffer, 6.3 

02M 1.7 toxoid protein adsorbed from 100 


8.00 11.80 18.60 


TABLE other words, can say that the phosphate ion 

with increasing concentration inhibits adsorption 
Adsorption Toxoid Phosphate septic vibrio toxoid aluminum hydroxide greater 
and Acetate Buffers degree than does the acetate ion. 


buffer and puffer buffer aluminum hydroxide depends the initial concentration 
protein the solution. The more protein the solution, 
5,0 86,5 the greater the amount that can adsorbed the 
same amount hydroxide, other conditions being equal 
(Table 2). 


From comparison adsorption under the same 
conditions molarity and phosphate and acetate 
buffers (Table 3),we see that the acetate buffer ad- 

sorption occurs more completely than the phosphate, especially high buffer concentrations. 


Changing the the buffer from 5.0 6.8 decreases the adsorption toxoid different extent 
buffers different molarities (Fig. 1). 


The sharp change adsorption depending high molarities buffer (0.2-0.1) becomes insigni- 
ficant very dilute buffers. the graph shows, the difference increases with increased values, for example, 
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TABLE 


Nitrogen and Biological Activity (in starting value) the 
Supernatant Liquid after Adsorption Phosphate Buffer 0.15 


Nitrogen 
activity 


values close the isoelectric point (4.6-5.0) adsorption the same strongly dilute and concentrated 


buffers. 


Adsorption nitrogenous toxoid substance, determined total nitrogen, parallels decrease biological 


activity the supernatant liquid (Table 4). 


Fig. Adsorption septic vibrio 


toxoid protein phosphate buffers 
different molarities. 


Fig. Relation yield nitrogenous 
substance toxoid time elution and 
temperature. 

20°; 5°. 


260 270 280 290 


Fig. Ultraviolet absorption spectra 
eluates obtained under different 
conditions. 

20°, hours; 20°, hours; 
5°, hours; 5°, hours. 


Determination the degree adsorption dif- 
ferent temperatures and times showed that changing the 
temperature from 20° did not affect the adsorption. 
the first min room temperature, almost 90% 
the septic vibrio toxoid was adsorbed; after one hour, 
95%, after hours, 96% (acetate buffer, 5.5, 0.01 
after one hour, 94% the toxoid was adsorbed. 


carried out preliminary experiments the 
effect molarity and the buffer elution the 
toxoid. used the eluate 0.2 phosphate buffer, 
8.0. Elution was carried out room temperature and 
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the cold, less substance was eluted than warmer temperature, but there was qualitative difference 
the eluates obtained different temperatures (Fig. 2). 


study the relation elution toxoid from the adsorbent time contact with the eluate showed 


that this process occurs gradually and the fullness elution limited temperature any length contact 
with the eluate (Fig. 3). 


determine the possibility getting pure fraction active toxoid substance, carried out elution 
with successively changed portions buffer. The results are given Table 


TABLE 


Elution with Successive Portions 0.2 Phosphate Buffer, 8.0 
The starting toxoid solution contained 57.5 mg% nitrogen and had 


Eluate fraction 


During elution hours 


Nitrogenin 
per nitrogen 486 


The table shows that the second fraction the purest, with doubled per nitrogen compared 
the starting toxoid. 


SUMMARY 


The adsorption septic vibrio toxoid takes place almost entirely the first min and depends little 
temperature. The amount adsorbed toxoid proteins depends directly the concentration protein the 
starting preparation. Adsorption toxoid aluminum hydroxide more strongly inhibited phosphate fons 
than acetate ions. dilute buffers this difference becomes insignificant. From acetate buffer (0.01 


Elution septic vibrio toxoid occurs considerably more slowly than does adsorption. The greater part 
the eluted substance passes into solution the first three hours The completeness toxoid elution 
depends temperature and strongly decreased this lowered. Elution successively changed portions 
buffer permits preparation fraction with increased activity per total nitrogen. 
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BOOK REVIEW 


Scientific-Popular Series, Moscow, 1958 


Biochemical processes form the basis many the products the food and flavor industries (bread 
baking, technology fermentation, cheese making, canning, production tea and others) and some light 
industries (tanning). Men have used the products these industries for thousands years without real idea 

the nature the processes which them. understanding the nature the technological 
processes these industries has come about comparatively the middle the last century. The 
brilliant work Pasteur laid the foundations for technical microbiology, without which would impossible 
today develop the technology these processes. recent times, within the last years, intensive develop- 
ment another branch knowledge has begun, development technical biochemistry, which the appli- 
cation biological chemistry (of plants and animals) the technology these industries. the present 

time biological chemistry has given birth such specialties the study enzymes and vitamins; the field 
protein chemistry also assuming the character separate science. The study the role enzymes 
technological processes, the qualitative and quantitative determination vitamins manufactured products, 
the estimation nutritionally valuable protein complexes them, all these processes belong the field 
technical biochemistry. 


Soviet biochemists have made great contributions the field technical biochemistry: enough 
remember the work Academicians Bakh and Oparin the field grains and bread making, the 
work Academicians Oparin and Kursanov the field tea production, the unseasonable fermen- 
tation tobacco (Prof. Smirnov) and number other investigations published special collections and 
the journal Yet,life urgently demands further advances, The plans the the 
Communist Party included the problem further development grain production the USSR and the wide 
introduction automation the factories produce the required further may 
express it, the food industries. thorough evaluation the quality the raw materials and the finished 
products the most important present problem the food industries. natural that the development 
technical biochemistry should accompanied the development corresponding literature, both general 
and specialized (according the different types production). This literature should research type, 
textbooks, and popular nature. must say that popular literature the field technical biochemistry 
badly lacking, and must welcome the publication Biochemistry Grain and 
Kretovich work which will orient wide circle readers. 


the name the book indicates, concerns the biochemistry grains and bread and includes both 
the static and dynamic aspects this field knowledge. The book informs the reader the important 
results this field, and the basis this material, casts much light the general problem biochemistry. 
Thus the book, besides its direct information,can serve good introduction general biochemistry. the 
field the static biochemistry grains find important modern data enzymes and their classification, 
descriptions amino acids and their structural formulas (listing also the indispensable amino acids), dis- 
cussion chromatography and its use the separation and determination the amino acids, consideration 
the structures proteins and their molecular weight, and description the denaturation proteins. There 
also classification grain proteins with the necessary information wheat gluten and discussion the 
various factors which affect its quality; connection with proteins there brief consideration the proteo- 
lytic enzymes grain. the section grain carbohydrates the structural and modified formulas the 
important monosaccharides are given, leading the scheme structure the components starch 
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(amylose and amylopectin) and indication the method which amylase acts it. Brief consideration 
also given the gums, fructosans, and hemicelluloses. the section lipids all the important representatives 
this group substances are discussed (fats, phosphatides, carotenoids, sterols, waxes), they are found 

grain, and their structural formulas are given: special attention devoted the action lipoxidases fats 

and fatty acids. The vitamins grain are considered thoroughly and their structural formulas are given. There 

good presentation the important divisions ash, moisture and acidity grains and flour. Immediately 
after this static part the biochemistry grains comes the dynamic part which relates the biochemical 
processes which occur grains during their ripening and sprouting; here also consideration the biochemis- 
try grain respiration during storage. variety curves show the dynamics change different biochemical 
characteristics these processes and give clear idea the effects which are occurring. The rest the book 
devoted the transformations which take place during milling the grain (conditioning the grain, 
changes the chemical composition the flour,depending its yield). The characteristics flour are also 
considered when comes from different types defective grains (frostbitten, infected insects) and methods are 
discussed for improving such grains. the section devoted flour,considerable attention devoted the bread 
making qualities the flour; this very valuable for evaluating this product; this connection consideration 
also given improving the bread making qualities the flour when this necessary. special section the 
characteristics rye flour are discussed. 


Another product obtained from grain groats. Much attention also devoted groats (chemical compo- 
sition, changes keeping). conclusion, the end the book, the nutritive value bread and methods 
improving are discussed. The processes bread making are not specially considered; they are given attention 
only passing, since only the quality the flour related baking. Thus the combined subject the book 
the chemistry grain, flour, and bread. 


The book written simple, clear, and easy language modern scientific level. this combination 
clarity expression and scientific accuracy contents find the chief value the book. also valuable 
that sufficient attention paid the work our country, which widely reported this book. The book very 
well printed and contains considerable number diagrams and figures. The presence the book portraits 
great who have worked the field grain biochemistry should noted. 


Although the book part the scientific-popular series, demands from reader definite prep- 
aration, especially the chemistry. The book includes large number structural formulas (lipids, 
vitamins, etc). true that these formulas are chiefly illustrative and not have independent significance, 
but the same time they demand the reader definite skill reading formulas. The same understanding 
and hydrogen bonds assumed held the reader, The book popular, but the same time, not 
elementary. 


character the materials contained the book, close the papers published the scientific- 
popular journal published the Academy Sciences the USSR. 


The book will very useful those who have previously encountered this specialty and now wish 
refresh and complete their knowledge this field. will certainly useful people who have some relation 
the nutrition the people (hygienists and workers general nutrition, milling technologists, bakers, etc). 

can used training chemists the middle schools material enliven and bring life their subject. 

also interest agricultural workers who deal with the raising cereals and workers storage plants 
(elevators). Finally, can satisfy the demands wide range people who are interested problems nutri- 
tion, since bread one the most important nutritive products. 


can wish the widest circulation for this book. 
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